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DECLARATION PURSUANT TO 37 C.F.R. §1.132 



Sir: 

I, Lin Zhi, declare as follows, 

1) 1 am an inventor of the above- captioned application, which claims benefit of 
priority to U. S. provisional patent application Serial No. 60/497,125, filed 22 August 2003. 

2) I obtained my B.S. and M.S. in chemistry from Beijing University in China. I 
obtained my Ph.D. in synthetic organic chemistry in 1990 from Emory University under the 
supervision of Prof Albert Padwa. After postdoctoral training with Prof. Barry Trost in 
Stanford University, I joined Ligand Pharmaceuticals Inc. in 1992. I work in the area of 
small-molecule drug discovery targeted at intracellular/nuclear receptors. Currently, I hold the 
Senior Director position in Chemistry and Pharmaceutical Development at Ligand 
Pharmaceuticals Inc. I have over 60 publications and am an inventor on 60 issued US patents. 

3) I have reviewed the Office Action, mailed February 2, 2010, in connection with 
the above- captioned application. 

4) The above-captioned application provides selective androgen receptor modulator 
compounds. The compounds described in the above-captioned application interact with the 
androgen receptor (AR) to alter its activity. 

5) I had each of Compounds 1-141, 144, 145, 148-177 and 179-189 tested for 
androgen receptor modulating activity using the cotransfection assay described in Example 
55 using CV-1 cells. The test compounds were tested at a concentration of 10 fiM. AR 
agonist activity was compared to the activity of the know AR agonist dihydrotestosterone 
(DHT). The results are represented as percentage of DHT activity (DHT = 100% efficacy). 
AR antagonist activity was measured as the percentage of maximum inhibition of DHT at 
EC 50 concentration. For comparison, the inhibition of DHT at EC 50 concentration of the 
known AR antagonist bicalutamide is 100%. The results are shown in Table 1 . 
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Table 1. AR modulating activity 



Compound 

# 


Agonist 
efficacy % 


Antagonist 
efficacy % 


Compound 

! # 


Agonist 
efficacy % 


Antagonist 
efficacy % 


101 


112 




145 


125 




102 


87 




! 148 


87 




103 


117 




149 


26 




104 


49 




150 


13 


44 


105 


47 




151 


56 


31 


106 


85 




152 


30 


23 


107 


66 




153 


136 




108 


147 




154 


126 




109 


74 




155 


117 




110 


138 




156 


92 




111 


78 




! 157 


99 




112 


81 




158 


26 




113 


108 




159 


177 




114 


117 




160 


58 




115 


133 




161 


19 


23 


116 




71 


162 


123 




117 




59 


163 


30 


21 


118 




78 


164 


130 




119 


61 




165 


100 




120 


107 




166 


90 




121 


90 




167 


42 


16 


122 


93 




168 


202 




123 


105 




169 


60 


33 


124 




42 


170 


113 




125 


37 




171 


56 


29 


126 


18 


35 


172 


38 




127 


30 


36 


173 


95 




128 


111 




174 


205 




129 


120 




175 


100 




130 


99 




176 


93 




131 


69 




177 


35 




132 


61 


19 


179 


43 




133 


41 


41 


180 


141 




134 


79 




181 


101 




135 


113 




182 


163 




136 




84 


183 


95 




137 




80 


184 


138 




138 


40 


32 


185 


84 




139 


96 




186 


35 




140 


99 




187 


112 




141 


95 




188 


68 




144 


120 




189 


118 
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The results demonstrate that the exemplary compounds have AR modulating activity. 
Of the compounds tested, 78 compounds exhibit AR agonist activity. Of these 78 compounds, 
36 compounds have AR agonist activity very similar to or better than the DHT control. The 
results demonstrate that 19 of the tested compounds exhibit AR antagonist activity. 

Thus compounds as instantly claimed are AR modulators, including AR agonists, 
partial agonists and antagonists. 

9) I further declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further, that 
these statements were made with knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent resulting therefrom. 
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Exhibit A 

Gerio toxicity test results of representative compounds of Zhi et aL 



Compound 450: 

Original test data can not be found. 
Compound 451 (LG 122678) strongly positive: 
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Exhibit B 



Compound 113 (LGO 122940) negative: 



Strain: 


TA1537 j 




Date 1: 


3/6/2006 




















Compound: 


LG0122940 






2: 


3/7/2006 




















S9 Activation: 


wnwo S9 






3: 


3/12/2006 





















Cells seeded: 


0 












1 














* ■■ 


t-\ Cnntrol: 
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! 
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Concentration 
ug/ml 




Tes 






Reverta 
Te 


nts per 
st 




Average Re 


vertants 




Standard 
Deviation 




Fold In 

r viu hi 






Fold in 
ST 


crease 
□V 


(+) CTRL 




2AA 
1 


9AA 
1 




37.0 


noS9 
192.0 




S9 ; 








noy i 




_.._SL 
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Exhibit C 

Compound 114 (LGD2941) negative: 

3enotoxicity : In Report Title: Bacterial Reverse Mutation Assay with an Independent Repeat Test Article: LGD294 1 

Vitro Assay of LGD294 1 

Test for Induction of: Reverse mutations in bacterial No. of Independent Assays: 2 Study No.: AB01TG.502001.BTL 

zcWs 

Strains: S. typhimurium and E. coli No. of Replicate Cultures: 3 

Metabolizing System: Aroclor-induced rat liver S9, 10% No. of Cells Analyzed/Culture: 0.4 to 1 .2 X 10 

Test Article DMSO Positive control vehicle: water (sodium azide) and DMSO (all others) GLP Compliance: Yes 

Vehicle: 

Treatment: Plate Incorporation for 48 hours Date of Treatment: 30-Nov-2004 

Cytotoxic Effects: at 1000 per plate with TA100 and TA1537 without S9 

Genotoxic Effects: None Experiment: Bl 

Metabolic Test Dose 



Activation Article 


Level (ug/plate) 


TA1537 


WP2 uvrA 


None DMSO 


50 uL/plate 


7 ± 


1 


14 ± 1 


LGD2 941 


3.3 


6 ± 


1 


13 ± 2 




10 


5 ± 


3 


12 ± 2 




33 


5 ± 


1 


11 + 2 




100 


3 ± 


2 


15 ± 3 




333* 


3 ± 


2 


15 ± 1 




1000* 


4 ± 


3 


17 ± 3 



2-nitrof luorene 1.0 
sodium azide 1.0 



9-aminoacridine 


75 


1430 ± 


25 






methyl methanesulf onate 


1000 






152 ± 


13 


Metabolic Test 


Dose 










Activation Article 


Level (ug/plate) 


TA1537 


WP2 


uvrA 


Rat liver S9 DMSO 


50 uL/plate 


6 ± 


2 


15 ± 


2 


LGD2 941 


3.3 


7 ± 


2 


16 ± 


6 




10 


4 ± 


3. 


. 19 + 


2 




33 


7 ± 


1 


15 ± 


3 




100 


7 ± 


3 


16 ± 


1 




333* 


5 ± 


3 


14 ± 


2 




1000* 


8 ± 


2 


18 ± 


3 


2-aminoanthracene 1.0 


89 ± 


14 








10 






724 ± 


18 



♦Precipitating concentration 



Exhibit D 

Genotoxicity test results of 4-chloro analogs 
Compound 130 (LG0123130) strongly positive: 



Strain: 
Compound: 
S9 

Activation: 
Cells 
seeded: 
(-) Control: 



10-19-06 a 
10-19-06 b 

11/9/2006 



Concentration 



Test# 



Revertants per 
Test 



Average 
Revertants 



Standard Fo | d | ncr ease 

Deviation Fold Increase stov 



(+) CTRL 



20.0 



40.0 



200.0 



400.0 



(-) Control: DMSO 



2AA 


2MF 


S9 


no59 


S9 


noS9 


S9 


noS9 


S9 


noS9 


S9 


noS9 


1 


1 


6.0 


192.0 


















2 


2 


96.0 


192.0 


















3 


3 


86.0 


192.0 


62.67 


192.00 


49.3 


0.0 


47.00 


72.00 


45.24 


77.60 


1 


1 


14.0 


21.0 


















2 


2 


14.0 


0.0 


















3 


3 


12.0 


6.0 


13.33 


9.00 


1.2 


10.8 


10.00 


3.38 


4.62 


5.75 


1 


1 


29.0 


33.0 


















2 


2 


35.0 


2.0 


















3 


3 


18.0 


5.0 


27.33 


13.33 


8.6 


17.1 


20.50 


5.00 


13.61 


8.67 


1 


1 


47.0 


51.0 


















2 


2 


78.0 


8.0 


















3 


3 


39.0 


3.0 


54.67 


20.67 


20.6 


26.4 


41 .00 


7.75 


29.27 


12.79 


1 


1 


16.0 


50.0 


















2 


2 


58.0 


12.0 


















3 


3 


52.0 


7.0 


42.00 


23.00 


22.7 


23.5 


31.50 


8.63 


21.94 


11.82 


1 


1 


1.0 


2.0 


















2 


2 


1.0 


1.0 


















3 


3 


2.0 


5.0 


1.33 


2.67 


0.6 


2.1 


1.00 


1.00 


0.00 


0.00 



Exhibit E 



Compound 131 (LG0123131) strongly positive: 



Strain: TA1537 
Compound: LG0123131 
59 

Activation: w/ & w/o S9 
Cells 
seeded: 
{-) Control: 



10-19-06 a 
10-19-06 b 

11/9/2006 



Concentration 






Revertants per 


Average 


Standard 




Fold Increase 


tin/nil 


Test# 




Test 




Revertants 


Deviation 


Fold Increase 


STDV 


(+) CTRL 


2AA 2NF 


S9 


noS9 


S9 


noS9 


S9 


noS9 


S9 noS9 


S9 noS9 


1 


1 


24.0 


192.0 
















2 


2 


119.0 


192.0 
















3 


3 


97.0 


192.0 


80.00 


192.00 


49.7 


0.0 


60.00 44.31 


56.51 21.11 


20.0 
























1 


1 


139.0 


36.0 
















2 


2 


155.0 


11.0 
















3 


3 


129.0 


6.0 


141.00 


17.67 


13.1 


16.1 


105.75 4.08 


43.83 5.90 


40.0 
























1 


1 


174.0 


27.0 
















2 


2 


185.0 


8.0 
















3 


3 


176.0 


6.0 


178.33 


13.67 


5.9 


11.6 


133.75 3.15 


54.17 4.31 


200.0 
























1 


1 


180.0 


28.0 
















2 


2 


189.0 


27.0 
















3 


3 


186.0 


18.0 


185.00 


24.33 


4.6 


5.5 


138.75 5.62 


56.31 2.76 


400.0 
























1 


1 


174.0 


25.0 
















2 


2 


165.0 


12.0 
















3 


3 


183.0 


8.0 


174.00 


15.00 


9.0 


8.9 


130.50 3.46 


51.03 3.58 


(-) Control: 


DMSO 




















1 


1 


2.0 


3.0 
















2 


2 


1.0 


7.0 
















3 


3 


1.0 


3.0 


1.33 


4.33 


0.6 


2.3 


1.00 1.00 


0.00 0.06 



• 
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Exhibit F 



Compound 128 (LG0123128) negative: 

7/2/2007 
7/3/2007 



Concentration 



Test# 



Revertants per 
Test 



Average 
Revertants 



Standard 
Deviation 



Fold 
Increase 



Fold Increase 
STDV 



(+) CTRL 



20.00 



40.00 



200.00 



400.00 



(-) Control: 
DMSO 



a _ No No No 

2AA 2NF S9 No S9 S9 No S9 S9 S9 S9 S9 S9 S9 

1 1 87.0 192.0 

2 2 143.0 192.0 

115.00 192.00 39.6 0.0 16.43 15.36 13.39 8.98 



1 1 2.0 43.0 

2 2 7.0 16.0 



1 1 9.0 15.0 

2 2 7.0 11.0 



1 1 7.0 14.0 

2 2 5.0 14.0 



1 1 7.0 12.0 

2 2 10.0 10.0 



1 1 9.0 17.0 

2 2 5.0 8.0 



4.50 29.50 3.5 19.1 0.64 2.36 0.83 0.37 



8.00 13.00 1.4 2.8 1.14 1.04 0.28 0.35 



6.00 14.00 1.4 0.0 0.86 1.12 0.16 0.66 



8.50 11.00 2.1 1.4 1.21 0.88 0.86 0.38 



7.00 12.50 2.8 6.4 1.00 1.00 0.00 0.00 




Exhibit G 



Compound 129 (LG0123129) negative: 



Strain: TA1537 
Compound: LG0123129 
S9 



Activation: 
Cells 
seeded: 
(-) Control: 



vim wo S9 
0 

DMSO 



1/30/2006 
1/31/2006 

2/20/2006 



Concentration 
ug/ml 



Test# 



Revertants per 



Standard 



Test Average Revertants Deviation 



Fold F oid Increase 

Increase stdv 



(+) CTRL 



20.00 



40.00 



200.00 



400.00 



(-) Control: 



DMSO 



1 


1 


100.0 


192.0 


2 


2 


97.0 


58.0 


3 


3 


3.0 


3.0 


1 


1 


2.0 


3.0 


2 


2 


3.0 


10.0 


3 


3 


3.0 


3.0 


1 


1 


5.0 


6.0 


2 


2 


6.0 


9.0 


3 


3 


3.0 


3.0 


1 


1 


4.0 


1.0 


2 


2 


7.0 


8.0 


3 


3 


3.0 


3.0 


1 


1 


5.0 


4.0 


2 


2 


3.0 


8.0 


3 


3 


3.0 


3.0 


1 


1 


2.0 


3.0 


2 


2 


8.0 


8.0 


3 


3 


3.0 


3.0 



3.0 3.0 4.67 6.00 1.5 3.0 1.08 1.29 0.95 0.54 



3.0 3.0 4.67 4.00 2.1 3.6 1.08 0.86 0.62 0.38 



3.0 3.0 3.67 5.00 1.2 2.6 0.85 1.07 1.09 0.1* 



3.0 3.0 4.33 4.67 3.2 2.9 1.00 1.00 0.00 0.00 
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Spironolactone Directly Inhibits Proliferation 
or Cultured Human Facial Sebocytes and 
Acts Antagonistically to Testosterone and 
SasDihydrotestosterone In Vitro 

Hirohiko Akamatsu, Christos C. Zouboulis, and Constantin E. Orfanos 

Department of Dermatology, University Medical Center Stcglitz, The Free University of Berlin, Berlin, Germany 



Spironolactone produces antiacne effects and has recently 
been shown to inhibit Sa-di hydro testosterone (5t*-DHT) 
receptors in human sebaceous glands. We applied spirono- 
lactone alone and combined with testosterone and 5a-DHT 
to investigate its effects on'the proliferation of human sebo- 
cyte cultures derived from facial skin. Secondary human fa- 
cial sebocytes in 96-well culture plates were treated for 10 d 
by a single or combined application of testosterone (10~ 8 - 
10" 5 M), 5a-DHT (10~ 8 - 10" 5 M), and spironolactone 
(10~ 12 - 10~ 7 M) in serum-free basal medium. Cell prolifera- 
tion was assessed in six wells using a fluorometric assay. Tes- 
tosterone and 5a-DHT significantly stimulated sebocyte 



proliferation in a dose-dependent manner, the effect being 
strongest with 5a-DHT. Spironolactone, on the other hand, 
caused a dose-dependent inhibition (25% and 50% at 10~ 9 
and 10~ 7 M, respectively). Combined treatment of human 
facial sebocytes with spironolactone and testosterone or 5a- 
DHT resulted in a lower proliferation than with androgens 
alone. The fact that spironolactone directly and dose depen- 
dently inhibits the proliferation of cultured human facial 
sebocytes and acts antagonistically to testosterone and 5cv- 
DHT at the cellular level is indicative of a receptor- media ted 
effect. J Invest Dermatol 100:660-662, 1993 



Spironolactone is an aldosterone antagonist that has been 
clinically used as an antihypertensive and diuretic drug. 
The fact that gynecomastia is a common side effect of this 
compound reflects its antiandrogenic property [1,2]. Spir- 
onolactone has also been successfully used for treatment of 
acne [3,4], hirsutism [5], and androgenic alopecia [6]. The following 
mechanisms have been thought to explain its action: 1) interference 
with steroid synthesis by blockage of cytochrome P 450 enzymes in 
the testes and adrenal glands [7,8]; 2) reduction of 5a-reductase 
activity [9]; and 3) peripheral action by a competitive decrease in 
5a-dihydrotestosterone (5a;-DHT) activity at the receptor level, as 
has been demonstrated both in experimental animals and in humans 
[10,11]. 

Our aim was to better elucidate the effects of spironolactone on 
the sebaceous glands at the cellular level by investigating its direct 
influence on the proliferation of cultured human facial sebocytes in 
vitro as well as its possible modification of testosterone and 5a-DHT 
activity in this connection. 

MATERIALS AND METHODS 

Human Sebocyte Cultures Human sebaceous glands were iso- 
lated from facial skin and seeded on monolayer 3T3 cells, as previ- 
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ously described [12]. Primary sebocyte cultures were derived from 
the periphery of the gland lobules and were maintained to con- 
fluence before subcultivation. All experiments were performed 
using secondary sebocyte cultures, which have been demonstrated 
to consist of cells undergoing sebocytic differentiation [13.14]. 

Treatment with Testosterone, 5a-DHT, and Spironolactone 
Human sebocytes were seeded in 96-well culture plates (Falcon, 
Jersey, NJ) at a concentration of 10 4 cells/well and were left to 
attach for 2 d at 37°C with 5% CO z in culture medium consisting 
of Dulbecco's modified Eagle's medium and Ham's F12 medium 
(1:1) (Gibco, Berlin, Germany) supplemented with 8% fetal calf 
serum (Seromed, Berlin, Germany), 2% human serum, 10 ng/mi 
epidermal growth factor (Sigma, Deisenhofen, Germany), 10~ 9 M 
cholera toxin (Calbiochem, Frankfurt, Germany), 3.4 mM L-gluta- 
mine, 100 IU/ml penicillin, and 100 /^g/ml streptomycin (all from 
Seromed). The medium was then aspirated, and serum- free kerati- 
nocyte basal medium (KBM) (Cloncttcs, San Diego, CA) without 
additives supplemented with testosterone (10~ 8 -10~ s M) (Sigma). 
5o>DHT (10- 8 -10~ 5 M) (Sigma), or spironolactone (10- 12 - 
10~~ 7 M) (Searle Yakuhin, Osaka, Japan) or their combination was 
added to. six wells at each concentration. The compounds were 
added to the medium as a 0.2% dimethyl sulfoxide (DMSO) 
(Merck, Darmstadt, Germany) solution. KBM with 0.2% DMSO 
was concomitantly added to another six wells serving as controls. 
The plates were incubated at 37 °C for 10 d before evaluation. KBM 
with and without compounds was changed every 2 d. 

Cell Proliferation Cell numbers of untreated human sebocytes 
in 96-well culture plates were assessed over 9 d by counting single- 
cell suspensions in Neubauer chambers and were compared with the 
absolute fluorescence units (AFU) of parallel wells obtained using 
the 4-methylumbelliferyl heptanoate (MUH)- fluorescence assay 
[15,16]. This assay is based on the hydrolysis of the fluorogenic 
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Days 

figure 1. Comparison of cell numbers of proliferating human scbocytes in 
culcure (open circles) and of AFU in parallel cultures obtained using the 
MUH- fluorescence assay (closed circles). Values arc mean ± SD of six wells 
and arc presented as percent of cell number and percent of AFU on the day of 
assessment compared with day 0. 



substrate MUH by esterases of proliferating cells. Briefly, a stock 
solution of 10 rng/ml MUH (Serva, Heidelberg, Germany) was 
prepared in DMSO and kept frozen at — 20°C until use. On the day 
of assessment, KBM was removed, and the cells were washed twice 
with phosphate-buffered saline without Ca 4 "** and Mg"*^" (pH 7.2) 
(Seromed). The MUH stock solution was diluted in phosphate-buf- 
fered saline up to 100 /ig/ml, and 100 }x\ of the final solution was 
added to each well. The plates were then incubated for 30 min at 
37 °C and read automatically on a Titertek Fluoroscan II (Flow, 
Meckenheim, Germany). The MUH-fluorescence assay was used to 
assess the effects of androgens and spironolactone on sebocyte prolif- 
eration. The results are given as AFU using 355-nm excitation and 
460-nm emission filters. 

Statistical Evaluation Each value represents the mean of six 
wells d: 1 SD. Statistical significance was assessed by Student t test. 
Mean differences were considered significant at p < 0.05. 



RESULTS 

Sebocyte proliferation was highly correlated with the results ob- 
tained using the MUH-fluorescence assay (Fig 1). Spironolactone 
inhibited the proliferation of cultured human sebocytes derived 
from sebaceous glands of the facial skin in a significant and dose-de- 
pendent manner. The inhibitory effect was 25% at 10~ 9 M and 50% 
at 10" 7 M (10- 9 , lO" 8 , and 10~ 7 M; p < 0.01) (Fig 2). 

Testosterone stimulated the proliferation of cultured human fa- 
cial sebocytes, the effect being 25% at 10- 7 -10- 6 M and 50% at 
10~ 5 M (10" 6 and 10~ 5 M; p < 0.01) (Fig 3<i). 5a-DHT markedly 
enhanced the proliferation of cultured human facial sebocytes in a 
dose-dependent manner: 25% at 10~ 8 M and 50% at 10~ 7 M (for all 
concentrations tested p < 0.01) (Fig 3/)). 

Spironolactone significantly inhibited the stimulatory effect of 
testosterone on the proliferation of cultured human facial sebocytes 
in vitro. Inhibitory effects were 3-5% at 10" 9 M, 14-22% at 
10~ 8 M, and 22-36% at 10~ 7 M of spironolactone when added 
together with different testosterone concentrations to human facial 
sebocyte cultures (spironolactone 10~ 8 M plus testosterone 10~ 8 M, 
p < 0.05; spironolactone 10" 7 M plus testosterone 10~ 7 , 10~ 6 , and 
10~ 5 M, p < 0.05; spironolactone 10~ 7 M plus testosterone 
!(T 8 M, p< 0.01) (Fig 3*). 




Spironolactone 



Figure 2. Effect of spironolactone on the proliferation of cultured human 
scbocytes derived from sebaceous glands of facial skin, as assessed by the 
MUH-fluorescence assay. Values are mean ± SD of six wells and arc 
presented as percent of controls (Cpnt.), ** p < 0.01, compared with con- 
trols. 



In a similar way, the stimulatory effect of 5a-DHT on the prolif- 
eration of cultured human facial sebocytes was dose dependently 
reduced by spironolactone. Inhibitory effects were 14-20% at 
10~ 9 M, 19-30% at 10" 8 M, and 22-45% at 10~ 7 M of spirono- 
lactone when added together with different 5a-DHT concentra- 
tions to the proliferating cells; (spironolactone 10~ 9 M plus 5a- 
DHT lO- 8 M, p < 0.05; spironolactone 10" 8 M plus all 5a-DHT 
concentrations tested, p < 0.05; spironolactone 10" 7 M plus 5a- 
DHT 10" 8 M, p<0.05; spironolactone 10~ 7 M plus 5a-DHT 
10~ 7 , 10- 6 , and 10" 5 M, p < 0.01) (Fig 36). 



DISCUSSION 

Androgens cause hyperactivity of sebaceous glands, with increased 
sebum secretion [17]. The resulting seborrhea promotes the forma- 
tion of acne lesions [18]. The major circulating androgen, testoster- 
one, is intracellular^ converted in the skin to 5a-DHT by the 
enzyme 5a-reductase [19,20]. The androgenic effect of 5a-DHT is 
probably mediated by its binding to androgen receptors. Androgen 
receptors have been demonstrated in human sebaceous glands 
[21,22], Therefore, hypersecretion of androgens and increased tes- 
tosterone metabolism to 5a-DHT are closely correlated to the 
pathogenesis of acne [23-27]. 

In this study, the proliferation of cultured human facial sebocytes 
was shown to be significantly stimulated by testosterone and 5a- 
DHT but markedly inhibited in a dose-dependent manner by spi- 
ronolactone and testosterone or 5a-DHT simultaneously adminis- 
tered. These observations indicate that spironolactone antagonizes 
testosterone and 5a-DHT activity, inhibiting their stimulatory in- 
fluence on the proliferation of human facial sebocytes in vitro. Evi- 
dence suggests that such an effect may be due to inhibition of 5a-re- 
ductase reduction of testosterone to 5a-DHT [9] and partial or total 
blockage of 5a-DHT binding to its receptor [10,1 Ij. In addition, 
increasing doses of spironolactone produced a corresponding prolif- 
eration inhibition indicative of a receptor-monitored effect. Thus, 
spironolactone may antagonize 5a-DHT by binding to its receptor 
or by modifying the structure ofits receptor. It seems likely that the 
ligand- receptor interaction is disturbed. 

An inhibitory effect of spironolactone on 5a-DHT- stimulated 
proliferation of human sebocytes derived from femoral skin hi vitro 
was previously observed by our study group [28]; however, scbo- 
cytes may respond differently to androgens, depending on the loca- 
tion of the sebaceous glands [29]. The results of our study also 
confirm the inhibitory effect of spironolactone on testosterone- and 
5a-DHT- stimulated proliferation of sebocytes derived from facial 
skin. 

In conclusion, spironolactone; may produce its antiacne effect by 
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Figure 3. Effect of spironolactone on the stimulatory influence of (a) testos- 
terone and (b) 5a-DHT on the proliferation of cultured human scbocytes 
derived from sebaceous glands of facial skin, as assessed by the MUH-fluorc- 
sccncc assay. Values arc mean ± SD of six wells and are presented as percent 
of controls. * p < 0.05, ** p < 0.01, compared with testosterone- and 5a- 
DHT- treated controls, respectively. 



directly inhibiting the proliferation of human sebocytes and by act- 
ing antagonistically on the stimulation of the sebaceous gland by 
testosterone and, above all, by 5a-DHT at the cellular level. Both 
effects seem to be receptor mediated. 
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As the world human population continues to explode, the need for effective, 
safe and convenient contraceptive methods escalates. Historically, women 
have borne the brunt of responsibility for contraception and family planning. 
Except for the condom, there are no easily reversible, male-based contracep- 
tive options. Recent surveys have confirmed that the majority of men and 
women would consider using a hormonal male contraceptive if a safe, effec- 
tive and convenient formulation were available. Investigators have sought to 
develop a male hormonal contraceptive based on the observation that sper- 
matogenesis depends on stimulation by gonadotropins, follicle-stimulating 
hormone (FSH) and luteinising hormone (LH). Testosterone (T) and other hor- 
mones such as progestins suppress circulating gonadotropins and sperma- 
togenesis and have been studied as potential male contraceptives. Results 
from two large, multi-centre trials demonstrated that high-dosage T con- 
ferred an overall contraceptive efficacy comparable to female oral contracep- 
tives. This regimen was also fully reversible after discontinuation. However, 
this regimen was not universally effective and involved weekly im. injections 
that could be painful and inconvenient. In addition, the high dosage of T 
suppressed serum high-density lipoprotein (HDL) cholesterol levels, an effect 
that might increase atherogenesis. Investigators have attempted to develop a 
hormonal regimen that did not cause androgenic suppression of HDL choles- 
terol and that was uniformly effective by suppressing spermatogenesis to 
zero in all men. Studies of combination regimens of lower-dosage T and a 
progestin or a gonadotropin-releasing hormone analogue have demon- 
strated greater suppression of spermatogenesis than the WHO trials of high- 
dosage T but most of these regimens cause modest weight gain and suppres- 
sion of serum HDL cholesterol levels. Overall, the data suggest that we are 
close to developing effective male hormonal contraceptives. The focus is now 
on developing effective oral regimens that could be safely taken daily or 
long-acting depot formulations of a male hormonal contraception that could 
be conveniently injected every 3 - 6 months. In this article, we shall review the 
exciting new developments in male hormonal contraception. 

Keywords: androgen, gonadotropin-releasing hormone antagonists, gonadotropins, male 
contraception, progestin, spermatogenesis, testosterone 

Expert Opin. Pharmacother. (2001) 2 (9): 1389- 1398 

i. Introduction 



The worlds population continues to increase rapidly. As a result of the burgeoning 
population growth, there are disastrous environmental consequences and oppressive 
poverty in many parts of the world. In addition, inadequate contraception leads to 
high rates of unwanted pregnancies that lead to high rates of abortions, infanticide 
or unwanted children who suffer from abuse and neglect. In the past 50 years, many 
new contraceptive options for women have been developed. However, the only male 
options remain condoms and vasectomy. Both of these options have significant 
drawbacks. Condoms may decrease the pleasurable sensations of sexual intercourse, 
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Figure 1. Mechanisms of action of contraceptive agents on normal male gonadal axis. The normal axis 
functions as a feedback loop with T and its metabolites inhibiting FSH and LH and inhibin B inhibiting FSH secretion. 
GnRH analogues inhibit GnRH action on the pituitary, so that FSH and LH secretion are suppressed. Androgens and 
progestins inhibit the hypothalamus and pituitary and some progestins might also have direct inhibitory effects on 
spermatogenesis in the testes. 

FSH: Follicle-stimulating hormone; GnRH: Gonadotropin releasing hormone; LH: Luteinising hormone; T: Testosterone. 



and they are associated with a high long-term failure rate. For 
practical purposes, vasectomy must be considered a permanent, 
irreversible form of contraception. Thus, there is an urgent need 
for safe, convenient, effective and reversible male contraceptive 
options. 

Normal spermatogenesis depends on stimulation of the 
testes by circulating FSH and LH that is produced in the 
pituitary. Potential targets for pharmacological disruption of 
spermatogenesis include the hypothalamus (where gonado- 
tropin-stimulating hormone [GnRH] is produced), the pitu- 



itary or directly in the testes (Figure l). Male hormonal 
contraceptive regimens that are currently under investigation 
act primarily by suppressing circulating gonadotropins. 
Administration of exogenous T alone suppresses circulating 
gonadotropins and spermatogenesis. However, exogenous T 
must be administered at supraphysiological dosages to effec- 
tively suppress spermatogenesis. Other agents, such as GnRH 
analogues and/or progestins, act synergistically with exoge- 
nous T and permit lower, more physiological, dosages of T to 
suppress gonadotropins and spermatogenesis. 
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2. Goals of therapy 

The ideal hormonal contraceptive would reduce sperm con- 
centrations of all men to azoospermia, the complete absence 
of sperm in the ejaculate. However, it might not be necessary 
to induce azoospermia to achieve excellent contraceptive 
effectiveness. Good evidence from clinical trials of exogenous 
T alone suggest that suppression of sperm concentrations 
from the normal range (20 - 200 million per ml) to oligosper- 
mia (> 0 but < 3 million) or oligoazoospermia (< 3 million 
sperm/ml) confers excellent contraceptive efficacy (pregnancy 
rate of < 5 per 100 person-years). Suppression to severe oli- 
goazoospermia (< 1 million/ml) is even more effective than 
oligoazoospermia (pregnancy rate of < 2 per 100 person- 
years). Therefore, experts regard suppression to oligoazoosper- 
mia or severe oligoazoospermia as good secondary goals in 
clinical trials of male hormonal contraceptives. 

3. Available compounds 

3.1 Androgens 

3.1,1 T enanthate alone as a contraceptive 

Exogenous im. administration of T enanthate alone has been 
shown to be an effective male contraceptive in two studies 
sponsored by the WHO. The first study enrolled 271 men 
from ten centres in seven countries |1J. These men were 
administered T enanthate (200 mg) im. weekly during a 6- 
month induction phase. The 157 (58%) who became 
azoospermic were enrolled in a 12-month efficacy phase when 
no other contraception was used while continuing weekly im. 
T enanthate. Only one pregnancy occurred among the 119 
couples during the 1486 cumulative months of follow-up of 
the couples who completed the efficacy phase. The pregnancy 
rate of 0.8 per 100 person-years (the Pearl index) compares 
favourably with the efficacy of the oestrogen/progestin birth 
control pill for women. 

After establishing the contraceptive efficacy of T-induced 
azoospermia in normal young men, a second multi-centre 
WHO trial was conducted to determine the contraceptive 
effects of both T-induced azoospermia and near-azoospermia 
|2). A total of 399 men from nine different countries (123 
from Asian countries and 276 from non-Asian countries) were 
recruited. Fertility had been demonstrated in 86% of the male 
subjects and 77% had demonstrated fertility with their part- 
ners at the time of the study. A total of 357 (89%) completed 
the 6-month induction phase of T enanthate (200 mg im.) 
weekly and 98% of the men who completed the induction 
phase had sperm counts that suppressed below the study's tar- 
get threshold of oligospermia (< 3.0 million/ml). Of the men 
from Asian and non-Asian countries, 90 and 70% became 
azoospermic, respectively, after the induction period. During 
the 12-month efficacy period of using only T enanthate for 
contraception, there were no pregnancies fathered by the men 
who became azoospermic. Of the men who did not become 
azoospermic but whose sperm counts suppressed to < 3 mil- 



lion/ml, the rate of resultant pregnancies was reduced to 8.1 
per 100 person-years. Of the men who did not become 
azoospermic but whose sperm counts suppressed to < 1 mil- 
lion, the pregnancy rate was 5.1 per 100 person-years. The 
combined pregnancy rate for all men who suppressed to 0 < 3 
million/ml (98% of the men suppressed to < 3 million/ml) 
was 1.4 per 100 person-years. The overall contraceptive effi- 
cacy, including those subjects who failed to suppress to oligoa- 
zoospermia (0 - 3 million/ml), was better than 95%; 
comparable to or better than the reported contraceptive effi- 
cacy of the female birth control pill or barrier methods such as 
the condom. 

The two WHO trials demonstrated that androgen-based 
contraceptives could be used as safe, effective and reversible 
male contraceptives. The major side effects of the T enanthate 
regimen used in the two WHO trials were modest weight gain 
(2.5 - 3.0 kg) and a significant decline in HDL cholesterol (10 
- 15%) levels. These effects could potentially increase long- 
term risk of atherosclerosis. It is likely that the increased 
weight is due to increased lean body mass without changing 
fat mass [3]. In addition, in the second WHO trial, low den- 
sity lipoprotein (LDL) cholesterol levels decreased signifi- 
cantly and this decrease in the atherogenic LDL levels might 
offset the any harm due to decreased serum HDL cholesterol 
levels. 

3.1.2 Longer-acting formulations of androgens 

Although the WHO trials showed that a T-based male contra- 
ceptive is effective, a major barrier to widespread use of this 
regimen is the requirement for weekly im. injections. In addi- 
tion, chronic administration of T enanthate (200 mg) im. 
weekly produces peak, mid-cycle and trough serum total and 
free T levels that are supraphysiological (4). Therefore, long- 
acting formulations of im. T are being studied. The half-life 
of unmodified T is very short because the liver rapidly metab- 
olises it. Testosterone that is esterified to enanthate or cypion- 
ate and injected intramuscularly in an oil vehicle (e.g., sterile 
sesame oil) has a significantly longer half-life. T cypionate or 
enanthate must be administered im. every 1 - 2 weeks, but 
other T esters, such as T undecanoate, T buciclate and T 
decanoate, may be given at longer intervals (Figure 2). 

T undecanoate is an unsaturated, aliphatic fatty acid ester 
of testosterone. Intramuscular T undecanoate (in sterile tea or 
sesame seed oil) has been shown to maintain serum T levels in 
the normal range for at least 6-8 weeks in hypogonadal men 
[5.6]. Intramuscular T undecanoate has been studied in several 
human male contraceptive trials. In a small pilot study, 
healthy young Chinese men were randomised to 500 mg or 
1000 mg of T undecanoate im. monthly. In total, 11/12 in 
the 500 mg group and all 12 in the 1000 mg group sup- 
pressed to azoospermia [7]. The subject in the 500 mg group 
who did not become azoospermic suppressed to severe oligoa- 
zoospermia (< 1 million/ml). Serum testosterone levels rose, 
but remained in the normal range and serum HDL choles- 
terol levels were unaffected in both groups. However, in a 



Expert Opin. Pharmacother. (2001) 2(9) 



1391 



Male hormonal contraceptives 



OH 





OCO(CH 2 ) s CHCH 2 



(a) Testosterone 



(c) Testosterone undecanoate 




OCO(CH 2 ) 5 CH 3 




(b) Testosterone enanthate 



(d) 7a-Methyl-19-nortestosterone 



Figure 2. Androgens used in contraceptive research, (a) testosterone (b) testosterone enanthate (c) testosterone undecanoate 
(d) 7a-methyl-19-nortestosterone (MENT). 



study of German men, only 8/14 men became azoospermic 
after receiving 1000 mg of im. T undecanoate every 6 weeks 
for 24 weeks [8]. In contrast to the Chinese study, T unde- 
canoate caused a significant decrease in serum HDL choles- 
terol levels in the German men (-10%). Overall, T 
undecanoate is at least as effective as weekly injections of T 
enanthate for suppressing spermatogenesis in Asian and non- 
Asian men, and T undecanoate has superior pharmacokinetic 
properties that would permit longer intervals (up to at least 6 
weeks) between injections. 

Other long-acting T formulations have been developed 
that might be useful but they have not been tested extensively 
in male hormonal contraceptive regimens. T buciclate is a 
long-acting T ester prepared in an aqueous suspension of 
finely milled crystals. When administered im. as a single dose 
of 600 or 100 mg to hypogonadal men, T buciclate raised and 
maintained serum T levels in the low-normal range for up to 
16-20 weeks |9|. In a pilot study, a single dosage of 1200 mg 
of T buciclate induced azoospermia in 3/8 eugonadal young 
men while maintaining serum T levels in the normal range 
[lOj. Finally, Organon NV is investigating T decanoate, an 
ester with a similar pharmacokinetic profile as T undecanoate, 
as a part of a male contraceptive regimen. 

Testosterone may be encapsulated in biodegradable poly- 
lactide-glycolide microspheres for administration as a depot 
injection that releases T with first order absorption kinetics. 
In hypogonadal men, im. injection of a second-generation 
formulation of T microspheres maintained serum T levels in 
the normal range for 10-11 weeks [ill. We have recently 
found that a third-generation T microcapsule formulation 
may be administered sc. with similar pharmacokinetics. A 
long-acting sc. T microcapsule formulation might be an effec- 



tive and convenient preparation for a male hormonal contra- 
ceptive regimen because sc. injections tend to be less painful 
than im. injections. 

Testosterone may also be packaged as pellets of crystalline 
T with at diameter of 4.5 mm and a length of 6 mm (100 mg) 
or 12 mm (200 mg). When implanted surgically under 
abdominal skin, 600 - 1200 mg of T pellets provide relatively 
stable physiological serum T levels for up to 4 - 6 months [12|. 
Implantation of 1200 mg of T pellets is comparable to 200 
mg of weekly im. T enanthate for inducing azoospermia |13|. 
A recent efficacy trial of sc. implantation of T pellets con- 
firmed that 800 - 1 200 mg every 3 months suppressed sperm 
counts comparably to that reported for high-dosage T enan- 
thate used in the WHO trials. There were no pregnancies 
during this small study and side effects were minimal |14j. The 
T pellets are not quite optimal because implantation is a 
minor surgical procedure that requires special training and 
because they occasionally extrude (~8 - 10%). 

3.1,3 Non-injectable formulations of androgens: oral 
and transdermal T preparations 

There are several non-injectable formulations of T now availa- 
ble for use in male contraceptive regimens. These options 
include oral T undecanoate, transdermal T patch systems and 
transdermal T gel. However, few contraceptive trials have 
been conducted with these agents and no studies have been 
conducted using them as single agents for male contraception. 

Unmodified T is metabolised rapidly by the liver and it has 
a short half-life when ingested orally. Alkylated (at the 17a 
position) T has a longer half-life. These alkylated androgens 
may cause serious hepatotoxicity and are too dangerous to use 
clinically for the treatment of hypogonadism or in contracep- 



1392 



Expert Opin. Pharmacother. (2001) 2(9) 




Anawalt & Amory 




(a) Medroxyprogesterone acetate (b) Levonorgestrel 
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Figure 3. Progestins used in male contraceptive research, (a) medroxyprogesterone acetate, (b) levonorgestrel, (c) 
desogestrel, (d) cyproterone acetate and (e) norethisterone. 



tion regimens. T undecanoate contains a medium chain ester 
that allows the compound to be absorbed by the lymphatic 
system, thus bypassing a first-pass hepatic effect [15]. Although 
it does not cause hepatotoxicity, oral T undecanoate still has a 
relatively short half-life and it must be administered 2-4 
times daily. Oral T undecanoate plus cyproterone acetate 
shows promise as a potential oral male contraceptive pill (dis- 
cussed under progestin section below) |16). 

There are scrotal and non-scrotal T patch systems that raise 
serum testosterone levels to the normal or low-normal range 
when applied daily to hypogonadal men |17). Although both 
patch systems can be self-applied and are painless, the scrotal 
patch systems require frequent scrotal shaving, the non-scrotal 
systems often cause a rash and neither patch system provides 
enough testosterone to adequately suppress circulating gona- 
dotropins and spermatogenesis enough for effective male con- 
traception 1 1 8J . The United States FDA has recently approved 
a new transdermal T system that is applied daily as a gel 1191 - 
The T gel system causes less skin irritation and the dosage 




may be adjusted to provide higher serum T levels than the 
patch systems. Therefore, the T gel system should be studied 
as a potential androgen for a male contraception regimen. 

3.1.4 A non-reducible androgen: 7cc-methyl-W- 
nortestosterone 

A synthetic androgen, 7a-methyl-19-nortestosterone 
(MENT), might be an ideal androgen for a male hormonal 
contraceptive regimen. Although T is converted to dihy- 
drotestosterone (DHT) by 5a-reductase, MENT is resistant 
to enzymatic 5a-reduction. Since DHT is the primary andro- 
gen involved in stimulating prostate growth, baldness and 
acne, MENT might provide the positive androgenic effects of 
T with fewer undesirable effects. A recent study of castrated 
macaque monkeys confirmed this hypothesis. MENT was 10 
- 60 times more potent than T in gonadotropin suppression 
and anabolic effects but only twice as potent in stimulating 
prostate growth |20|. Thus, a small dosage of MENT could be 
used to suppress gonadotropins and spermatogenesis in men 
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while minimising androgen effects on prostate and skin. 

The serum half-life MENT is very short because MENT 
does not bind to sex-hormone binding globulin and the elim- 
ination half-life of MENT after im. injection is only 4 h 
121.22). However, a study of a MENT acetate implant system 
showed that 2 or 4 subdermal implants suppressed serum 
gonadotropins > 95% for at least 1 month in healthy, young 
men |23J. No long-term studies of the effects of MENT on 
bone, muscle or sexual function have yet been published. In 
summary, long-acting formulations of MENT show great 
promise for an effective androgen-based male contraceptive 
that might confer additional health benefits such as preven- 
tion of baldness and prostatic hypertrophy. 

3. 1.5 Non-steroidal androgen receptor modulators 

Recently, there have been several studies of new non-steroidal 
compounds that interact with the androgen receptor as ago- 
nists or antagonists |24-26]. These compounds have tissue-spe- 
cific effects that result in selective androgen agonism or 
antagonism and many of them can be taken orally. These 
compounds have only been tested in animals but they repre- 
sent exciting possibilities for oral male contraceptives as drugs 
that could be used to selectively suppress circulating gonado- 
tropin levels and spermatogenesis without other androgen 
effects. 

3. 7.5. 7 GnRH analogues 

Experience from clinical trials has shown that exogenous T 
alone will not result in azoospermia in all men. Therefore, 
investigators have studied hormonal combinations that syner- 
gistically suppress gonadotropins and spermatogenesis such as 
T plus a GnRH analogue or progestin. GnRH agonists cause 
downregulation of GnRH receptors in the pituitary and are 
used clinically in men with advanced, metastatic prostate can- 
cer to decrease in gonadotropin secretion with resultant sup- 
pression of steroidogenesis. However, studies of GnRH 
agonists for male contraception have been disappointing 
because the GnRH agonists that were studied did not uni- 
formly suppress spermatogenesis, probably because of incom- 
plete suppression of circulating gonadotropins. 

GnRH antagonists such as Nal-Glu or Acyline induce more 
profound suppression of circulating gonadotropin levels and 
spermatogenesis than GnRH agonists and appear to be more 
promising for male contraception. Two studies have shown 
that T and Nal-Glu, a GnRH antagonist, is more effective 
than T enanthate alone in inducing azoospermia [27.28]. How- 
ever, a third study demonstrated no clinically significant dif- 
ferences between combination therapy and T enanthate alone 
|29|. Another recent study showed that a short course of Nal- 
Glu and lower dosage T enanthate could induce azoospermia 
or oligoazoospermia and that continuing T enanthate alone 
could maintain azoospermia or azoospermia in nearly all of 
the healthy, young subjects [30]. The maintenance dosage of T 
enanthate in this study was only 100 mg weekly, half the dos- 
age of the WHO efficacy trials. 

Although GnRH antagonists might be useful as part of a 



male hormonal contraceptive, the older antagonists such as 
Nal-Glu have short half-lives and require frequent sc. injec- 
tions. The older GnRH antagonists often cause local hista- 
mine release at the site of injection and may cause occasional 
sc. nodules that take weeks to resolve. Newer GnRH antago- 
nists with longer half-lives have been developed. A single sc. 
injection of Acyline, for example, suppresses gonadotropins 
and sex steroid hormone levels to the lower limit of detectabil- 
ity for up to 1 - 2 weeks [311. There were almost no local side 
effects beyond an occasional wheal that resolved within 90 
minutes of the injection. In addition, an oral non-peptide 
GnRH antagonist has recently been described, but it has not 
been tested in humans yet 132] . 

3.3 Progestins 

3.3.1 Short-acting preparations: levonorgestrel, 
desogestrel and cyproterone 

Exogenous progestins suppress gonadotropin secretion and 
also might interfere directly with spermatogenesis |33| (Figure 1 
and 3). In the past 10 years, randomised controlled trials have 
demonstrated that the combination of T and a progestin is 
more effective in suppressing gonadotropins and sperma- 
togenesis than T alone (34-361 . In a randomised controlled trial, 
T enanthate (100 mg im. weekly) plus oral levonorgestrel 
(LNG) (500 jig daily) was superior to T enanthate alone in 
rapidly suppressing gonadotropins and achieving azoospermia 
(67 vs. 33%) [341. However, this regimen was associated with 
weight gain and significant suppression of HDL cholesterol. 
A recently published follow-up study by the same group 
showed that T enanthate (100 mg im. weekly) plus lower dos- 
ages of oral LNG (125 or 250 |Ag daily) were equally effective 
in suppressing spermatogenesis but caused less weight gain 
and HDL-cholesterol suppression |37J. 

A study of transdermal T (5 mg daily by a non-scrotal 
patch) plus oral LNG (250 |Jig daily) yielded disappointing 
results 118]. Only 2/1 1 men became azoospermic and 5/1 1 sup- 
pressed to sperm concentrations < 3 million/ml. It is likely that 
the non-scrotal patch used in this study provided inadequate 
amounts of T to suppress gonadotropins and spermatogenesis. 
On the other hand, in another recent study im. T undecanoate 
(1000 mg every 6 weeks) plus oral LNG (250 |J.g daily) sup- 
pressed all 14 to oligoazoospermia; 50% became azoospermic 
and the remainder suppressed to < 3 million/ml [81. 

Recently, investigators have tested the combination of T 
plus desogestrel (DSG), a progestin that is thought to be less 
androgenic in women than LNG. The initial studies of T plus 
DSG were done at two different centres with slightly different 
protocols. The first study demonstrated that 50 or 100 mg of 
im. T enanthate weekly plus 300 \ig of oral DSG daily or 100 
mg of T enanthate plus 150 Jig of DSG were all highly effec- 
tive at suppressing gonadotropin levels and spermatogenesis 
[38J. Overall, 18/23 men became azoospermic and all but 1 
suppressed to < 3 million/ml. In the second study. 100 mg of 
im. T enanthate weekly plus 150 or 300 fig of oral DSG daily 
induced azoospermia in 7/7 and 7/8 men, respectively |39|. 
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Unfortunately, in both studies, T plus DSG resulted in signif- 
icant HDL suppression that approximated or exceeded the 
decrease seen in T plus LNG studies. 

The combination of T and cyproterone acetate (CPA) 
yielded particularly promising results in a small trial [36J. 
Groups of normal, young men were randomised to im. T 
enanthate (100 mg weekly) plus oral CPA (50 or 100 mg 
daily) or T enanthate alone. All men receiving CPA became 
azoospermic but only 3/5 in the T alone group became 
azoospermic. There was no change in serum HDL cholesterol 
levels, liver function tests or sexual function in the groups 
receiving CPA. There was a slight decrease in weight and hae- 
moglobin that depended on the dosage of CPA. The optimal 
contraceptive dosage of CPA appears to be -25 - 50 mg daily 
[40] . The superior effect achieved by the addition of CPA 
might depend on a dual inhibitory effect on spermatogenesis. 
In addition to suppressing gonadotropin secretion, it has been 
suggested that CPA directly inhibits spermatogenesis by com- 
petitively binding the androgen receptor in the testes [33|. 

In a different trial, the same group tested the first com- 
pletely oral male hormonal contraceptive 116]. Unfortunately, 
the combination of oral T undecanoate (80 mg b.i.d.) plus 
CPA (12.5 mg daily) did not cause enough spermatogenic 
suppression for effective contraception. However, it is still 
possible that adjustments in this regimen (such as a sustained 
released form of T undecanoate, or some other safe oral 
androgenic compound plus CPA) could be effective. 

3.3.2 Depot T - depot progestin combinations 
Two male contraceptive studies have been conducted with 
long-acting T-progestin combinations. In one study, a single 
implantation of long-acting sc. T pellets (800 mg) plus depot 
medroxyprogesterone (DMPA; 300 mg) was significantly 
more effective than T pellets alone in achieving azoospermia 
(90 vs. 40%) [35]. Another long-acting progestin that has been 
recently studied is norethisterone enanthate (NETE) |4l{. 
Intramuscular T undecanoate (1000 mg) plus im. NETE 
(200 mg) every 6 weeks induced azoospermia in 13/14 nor- 
ma! young volunteers (42). In the studies of T +, DMPA or 
NETE, the most significant side effects were weight gain and 
HDL cholesterol suppression. These studies of T + DMPA or 
NETE confirm the likelihood that a long-acting androgen- 
progestin could be an effective male contraceptive. 

4. Other factors 



4.1 Acceptability 

Clinical trials indicate that investigators are on the brink of 
designing effective, safe and reversible male hormonal contra- 
ceptives. Sceptics, however, have questioned whether men 
would use a hormonal contraceptive. A recent survey of 
almost 2000 men in Scotland, South Africa and China (Hong 
Kong and Shanghai) indicated that the majority of men 
would welcome the possibility of a male contraceptive pill [43|. 
Furthermore, at all sites except in Scotland, men thought that 



women bore too much of the responsibility for contraception. 
Thus, men from countries in Europe, Africa and Asia have 
indicated a willingness to use a male hormonal contraceptive. 

4.2 Delay in contraceptive effect 

All male hormonal regimens take at least 8-10 weeks to sup- 
press sperm concentrations to levels associated with effective 
contraception. Although any delay in contraceptive effective- 
ness is undesirable, this delay is not significantly different 
than the time required to achieve full contraceptive effective- 
ness after vasectomy (median time to azoospermia is -10 
weeks) [44]. Female hormonal contraceptives are also associ- 
ated with delayed contraceptive efficacy. For example, women 
are often advised to use other contraceptive methods for at 
least one month after starting an oral contraceptive. In fact, 
only barrier methods (e.g., such as condoms and diaphragms) 
are immediately effective. 

4.3 Non-uniform spermatogenic suppression 

Although clinical trials indicate that hormonal regimens can 
suppress sperm concentrations to levels associated with effec- 
tive contraception in virtually all men, the goal of azoosper- 
mia (or at least severe oligospermia) in all men who use the 
contraceptive has not yet been achieved. It has been hypothe- 
sised that men who fail to achieve azoospermia or severe oli- 
gospermia might have persistent production of intratesticular 
DHT that maintains spermatogenesis [45]. However, two 
recent studies that included a 5a-reductase inhibitor to block 
conversion of T to DHT did not show any additional sperma- 
togenic suppression 114.46]. However, it is possible that the 
5(X-reductase inhibitor that was used did not adequately 
suppress intratesticular DHT levels [14]. Another explanation 
for non-uniform azoospermia is that FSH levels have not 
been adequately suppressed in regimens tested so far [47]. 

Asian men who live in Asia are significantly more likely to 
suppress to azoospermia during treatment with hormonal 
contraceptives [1,2,48]. Although this observation might not 
apply to Chinese men living away from China, it is likely that 
male hormonal contraceptives would be particularly effective 
in a region that accounts for at least one-fifth of the world 
population. 

4.4 Potential markets for a male hormonal 
contraceptive 

The most likely men to use a male hormonal contraceptive 
would be men who are in a monogamous relationship where 
reversible contraception is desired, men in densely populated 
countries where public policy has dictated strict family plan- 
ning and men whose female sexual partners are intolerant of 
female contraceptive methods. However, only condoms pre- 
vent sexually transmitted diseases. Male (and female) hormo- 
nal contraceptive methods do not obviate the need for 
condoms for people with multiple sex partners. 
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We need effective male contraceptives that are safe and fully 
reversible. High-dose T alone has been shown to be very effec- 
tive. The combination of lower dosage T plus a second agent 
that synergistically suppresses gonadotropin levels leads to 
greater sperma to genie suppression and permits a lower dosage 
of T than T alone regimens. There are a number of combina- 
tion hormonal regimens that suppress sperm concentrations 
in virtually all men to levels associated with excellent contra- 
ceptive effectiveness. These regimens have been shown to be 
safe and reversible in short-term studies (6-18 months). The 
primary side effects of these regimens have been modest 
weight gain and suppression of HDL cholesterol. Large-scale 
studies of the contraceptive effectiveness of male hormonal 
contraceptives should be done. 

6. Expert opinion 

Male hormonal contraception is in the fledgling developmen- 
tal stage that high oestrogen-progestin oral contraceptive pills 
were when they were introduced for use in the 1960s. We 
need an oral contraceptive pill for men because they prefer a 
pill to an injectable option |43]. The best hopes for an oral 
male contraceptive lie in the combination of a sustained 
release T undecanoate or non-steroidal androgen receptor 



modulator plus a progestin. Likely candidates for a progestin 
in an oral contraceptive include CPA, DSG and LNG. CPA 
has the greatest appeal because it has few androgenic side 
effects such as weight gain and suppression of serum HDL 
cholesterol. 

Although many men would prefer to use an oral contracep- 
tive, experience in contraception for women suggests that 
compliance is higher with an im. depot injection and that 
such a formulation is preferable for many men and women. 
The combination of depot preparation of an androgen plus a 
progestin that could be injected every 1-3 months is close to 
realisation. A long-acting GnRH antagonist such as acyline 
might be useful as a third agent in a depot preparation. 

T undecanoate or T pellets plus LNG, DSG or NETE 
implants are the most likely current prospects for a depot reg- 
imen. However, a MENT ester would be an ideal androgen 
for depot formulation to use because it might have relatively 
little androgenic effect on the skin and prostate. In fact, 
MENT or other selective androgens might confer salubrious 
effects beyond contraception by reducing the trophic effects 
of endogenous sex steroid hormones on the prostate. 

We can hope that a long-acting depot male hormonal con- 
traceptive is available for public use in this decade and that 
improved regimens including oral formulations and formula- 
tions with selective androgen effects follow shortly thereafter. 
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Hair loss is a common complaint in the outpa- 
tient setting. Frequently, patients conduct their 
own research on hair loss diagnosis and treat- 
ment and are faced with a number of manufac- 
turers' claims that their products will benefit hair 
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loss. This paper explores the, truth behind those 
claims of hair regrowth. We intend for this infor- 
mation to serve as a "consumer report" for 
healthcare providers and patients and to help 
separate some of the valid claims for hair 
regrowth from those that are purely fiction. 

Cutis. 2004;73:107-114. 



Androgenetic alopecia (AG A) is a common 
patient complaint, affecting approximately half 
of all men and women by the age of 50 years. 1 
Hair loss often can have significant negative effects 
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on self-esteem and body image. 2 Clinicians may 
be bombarded by questions from patients who 
have information about hair loss remedies from 
the Internet or testimonials from friends. How- 
ever, it may be difficult or time-consuming for 
doctors to learn about the dozens of products 
claiming to promote hair growth and to then 
appropriately counsel their patients. In this arti- 
cle, we have interposed information obtained 
from the Internet with that obtained from peer- 
reviewed journals, when available, to support or 
refute claims made by the manufacturers or mar- 
keters of various products. We intend for this 
information to serve as a "consumer report" for 
healthcare providers and patients and help to sep- 
arate some of the valid claims for hair regrowth 
from those that are purely fiction. 

FDA-Approved Hair Loss Remedies 

Minoxidil— In 1988, the US Food and Drug 
Administration (FDA) approved minoxidil 
2% topical solution for use in treating AGA in 
men. A 2% solution marketed toward women 
became available in 1991, and a 5% solution for 
use in men became available over-the-counter in 
1997. 3 Since that time, generic formulations of 
minoxidil topical solution also have become 
available. Minoxidil is a vasodilator and a potas- 
sium channel opener, 3 but its mechanism of 
action in promoting hair regrowth is unknown 
and appears to be independent of its vasodilata- 
tion properties. 3 ' 7 The most common adverse side 
effects of minoxidil topical solution include scalp 
irritation, which occurs in about 7% of patients 
using the 2% solution, and hypertrichosis, which 
is noted in women. 3 Because there are both 
generic and brand-name formulations of minoxi- 
dil topical solution, the cost of this therapy varies 
depending on which solution patients choose. 
However, most consumers pay between $10 and 
$20 for a 1 -month supply. 8 

Minoxidil 2% topical solution has been proven 
to be effective both in stimulating new hair 
growth and in helping to prevent continued hair 
loss in both sexes. 3 A recent study comparing 
minoxidil 2% and 5% topical solution in men 
showed that the men using the extra-strength 
formulation had 45% more hair regrowth after 
48 weeks and an earlier response to the drug. 9 A 
study published in 1992 showed that a year's treat- 
ment with minoxidil 5% was effective in improv- 
ing hair density in 9 women, 10 though the 
company has not yet obtained FDA approval for 
the use of this concentration in women. Minoxidil 
topical solution has even been found to be effec- 



tive and safe in adolescents, which is an important 
finding because AGA can occur in older children 
or teenagers and can cause significant psychologi- 
cal distress. 11 

Some Web sites are claiming that products used 
in combination with minoxidil can increase the 
drug's efficacy. For example, the Hair Loss Control 
Clinic Web site claims that sebum on the hair 
follicle at the level of the scalp prevents minoxi- 
dil's penetration into the hair follicle, causing it to 
be absorbed ineffectively. 12 The site also claims 
that the high alcohol content of over-the-counter 
minoxidil can cause hair damage. The clinic is 
promoting a product called HLCC Scalp Therapy 
Dexpanthenol 1 2% to be used prior to shampooing 
to dissolve sebum, theoretically allowing the 
minoxidil solution to better penetrate the hair fol- 
licle. 12 Another product advertised on this site is 
Carrier Enhancement Agent, which supposedly 
neutralizes the alcohol in minoxidil to prevent 
scalp irritation. 12 There are no peer-reviewed stud- 
ies supporting these claims. Because it is unclear 
how minoxidil topical solution works, it also is 
unclear why such additives would increase its 
effectiveness. 

Patients also may see Web sites promoting the 
use of retinoids with minoxidil to enhance minox- 
idil's effectiveness. To date, one nonblinded study 
tested tretinoin 0.025% combined with minoxidil 
0.5% topical solution in 36 patients and showed 
that the tretinoin increased the percutaneous 
absorption of the minoxidil. The combination of 
the 2 drugs led to visible hair growth in 66% of the 
patients tested. 13 Therefore, the application of both 
topical minoxidil solution and tretinoin may give 
some patients better results than application of 
topical minoxidil alone. Patients may want to try 
minoxidil by itself at first and then add the 
tretinoin only if they are not. satisfied with their 
initial results. 

Finasteride — In 1997, finasteride was approved 
by the FDA for treatment of male AGA at a dose 
of 1 mg/d. 3 This medication is a competitive 
inhibitor of type-2 5oc-reductase, which inhibits 
testosterone's conversion to dihydrotestosterone 
(DHT). 14 ' 17 Finasteride is able to decrease serum 
DHT by about 70%. 18 Due to the potential for 
teratogenic effects in male fetuses, finasteride is 
not FDA approved for use in women. 3 The main 
side effects of finasteride therapy are sexual side 
effects such as decreased libido and erectile/ejacu- 
latory dysfunction, which occurred in fewer than 
2% of men in one trial. In one study, these nega- 
tive side effects were reversed with cessation of the 
medication. 19 Also, there have been no clinically 
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significant drug interactions noted between finas- 
teride and other medications. 20 The cost of this 
drug averages between $30 and $60 per month. 8 

Multiple randomized double-blind clinical trials 
of finasteride versus placebo in men aged 18 to 
41 years with both vertex and frontal hair thinning 
showed that patients who took finasteride 1 mg/d 
for one year had significantly increased scalp 
coverage and hair counts than patients taking 
placebo. 19,21,22 With continuous treatment of finas- 
teride daily for 2 years, approximately two thirds of 
men have improved hair regrowth, one third of 
men see no change, and approximately 1% of men 
actually have less hair than at baseline. 3 This prod- 
uct has shown more efficacy in younger men than 
it has in men older than 60 years, most likely 
because of decreased scalp type-2 5a-reductase 
activity in older men. 3 

Finasteride also has been tested for efficacy in 
women with AGA. A randomized double-blind 
study of 137 postmenopausal women with AGA 
who took finasteride 1 mg/d or placebo for one 
year showed no significant difference in hair 
count between the 2 groups. In fact, both groups 
of patients actually showed significant loss of hair 
during the study period. 23 Another randomized 
open-label study tested finasteride 5 mg/d versus 
no treatment in premenopausal women with 
hyperandrogenic alopecia and elevated serum 
androgens (levels >2 SD above the mean in ovu- 
latory control patients). This study found that 
the women using finasteride at this elevated dose 
did not see any significant improvement as 
opposed to the women receiving no treatment. 24 
Some clinicians have had more success with the 
use of finasteride in their female patients with 
AGA. In a letter published in the British Journal 
of Dermatology, 2 physicians describe successful 
treatment of AGA in a postmenopausal woman 
who was given finasteride 5 mg/wk. Success was 
measured via patient report of improved hair 
density and review of stereotactic photographs of 
the scalp. 2 ^ Despite this anecdotal evidence of 
success, the larger body of evidence weighs 
against the use of finasteride in postmenopausal 
women with AGA. 

Because there are only 2 FDA-approved treat- 
ments for AGA, patients may wonder which is 
more effective. In a recent letter published in the 
Archives of Dermatology, finasteride 1 mg/d was 
compared with topical minoxidil 2% in 99 men 
aged 18 to 45 years with mid frontal and/or vertex 
hair thinning. 26 The researchers found that both 
treatments worked equally well in stopping the 
progression of hair loss in patients; however, 



patients given minoxidil had quicker initial 
improvement whereby patients given finasteride 
had slightly better results as treatment progressed. 26 
Choice of treatment therefore may be more a factor 
of side-effect profile, expense, and preferred form 
of medication (oral vs topical)'. 

Some patients may ask about combining finas- 
teride with minoxidil. One case study described the 
improvement of one man's alopecia from Hamilton- 
Norwood class V to class III after using a combina- 
tion therapy of finasteride 5 mg/d plus a topical 
solution of minoxidil 3% and tretinoin 0.01%. 27 
The combined use of finasteride and minoxidil 
topical solution has been studied in the animal 
model of AGA; in stumptail macaques, the com- 
bined use of finasteride with minoxidil had greater 
effects on hair loss than either treatment alone. 28 
Because both treatments have different modes of 
action, it is plausible that combining them may 
yield better results. 

Off-Label Uses for FDA-Approved 
Medications 

Spironolactone — This medication is often pre- 
scribed for the treatment of hypertension because 
of its action as an aldosterone antagonist, but it 
also is able to inhibit the biosynthesis of andro- 
gens and to competitively inhibit androgen 
receptor protein binding. 29 The main side effects 
of this medication are menstrual irregularities, 
hyperkalemia, gynecomastia in men, and gas- 
trointestinal distress. 29 Women using this medi- 
cation must be warned about the potential for 
feminization of male fetuses if pregnancy occurs 
during the course of treatment. 30 The cost of this 
medication at a dose of 200 mg/d is approxi- 
mately $60 per month, though it typically is cov- 
ered by insurance policies. 8 

Spironolactone has shown ^efficacy in treating 
women with hirsutism, 31 and it also may have mild 
efficacy in treating AGA at a dose of 200 mg/d. 32 
One study examining the efficacy of spironolac- 
tone in women with AGA showed that the 
women taking the medication had less hair loss 
than control patients after one year, but the 
women taking spironolactone still did not have 
more hair after treatment than at the start of the 
study. 33 Another study that examined the use of 
spironolactone 200 mg/d in 2 men and 2 women 
with AGA showed that the patients had an 
increase in the number of hairs in anagen phase 
from 22% at baseline to 84.5% at the end of 
6 months of treatment. 34 Because this medication 
only has weak evidence for its use as a treatment for 
hair loss, clinicians should consider this medication 
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only in addition to other, more proven, means of 
therapy. 

Yasmin® — This is an oral contraceptive pill 
composed of ethinyl estradiol and drospirenone, an 
analogue of spironolactone. Each pill contains 
drospirenone .3 mg, which is equivalent to spirono- 
lactone 25 mg. 35 According to the manufacturer of 
Yasmin, this oral contraceptive antagonizes androgen 
receptors without affecting sex-hormone-binding 
globulin synthesis or affecting the binding of 
testosterone to sex-hormone-binding globulin. 
The manufacturer also claims that the drug 
inhibits ovarian androgen production. 36 The most 
common side effects are similar to side effects of 
other oral contraceptives and include breast 
tenderness, nausea, headache, emotional lability, 
dysmenorrhea, intermenstrual bleeding, and 
depression. 35 Some insurance plans will cover the 
cost of oral contraceptives, but for patients paying 
out of pocket, Yasmin costs approximately $30 per 
month. 8 

Because spironolactone is sometimes pre- 
scribed for AGA, some clinicians recommend 
Yasmin to patients with alopecia who also are 
looking for effective contraceptive methods. 
However, to our knowledge, there are no known 
published studies showing that Yasmin prevents 
hair loss or promotes hair regrowth. Because 
spironolactone has shown only slight efficacy in 
treatment of women with AGA, 3 it is unclear 
what the effect of Yasmin may be on hair loss. 
However, this may be a reasonable choice of con- 
traceptive in a woman with AGA. 

Dutasteride — This new 5a-reductase inhibitor 
blocks both type-1 and type-2 isoenzymes. 3 ' By 
inhibiting both types of 5a-reductase, dutasteride is 
able to achieve a greater than 90% suppression of 
DHT 37 This medication was developed for the treat- 
ment of benign prostatic hyperplasia, with side 
effects similar to those of finasteride. 38 As with finas- 
teride, women are advised not to take this product 
because of the potential risk of birth defects in male 
fetuses. 37 In November 2002, dutasteride was 
approved by the FDA for use in patients with benign 
prostatic hyperplasia. 39 This medication costs 
approximately $75 for a 1 -month supply." 

Although dutasteride is not yet FDA approved 
for alopecia, the manufacturers have completed 
phase 2 clinical trials of the medication for the 
treatment of hair loss and are hopeful it will be 
approved by the FDA in 2006. 40 There are no stud- 
ies published regarding this medication's effect on 
AGA, but preliminary results from the manufacturer 
showed that dutasteride reduced scalp DHT in men 
to a greater extent than finasteride. 41 



Herbal/Dietary Remedies 

Saw Palmetto — Saw palmetto, or Serenoa repens, is 
an herbal remedy that is processed from fruit of 
the American dwarf pine tree. 42 It often is used to 
treat benign prostatic hypertrophy because of its 
ability to inhibit 5cc-reductase levels by 32% 
without affecting testosterone levels in men. 43 
Extracts of saw palmetto also have been shown to 
have a partial antagonistic affect on testosterone 
receptors. 44 It is most likely that these 2 actions 
led to saw palmetto being used as a hair loss rem- 
edy. Saw palmetto is believed to be a safe herbal 
supplement, with a primary side effect of mild 
gastrointestinal distress. 42 Also, clinical trials 
conducted in human patients showed that con- 
sumption of saw palmetto supplements did not 
result in any clinically significant alterations in 
laboratory parameters. 41 Saw palmetto has no 
known drug interactions. 42 The cost of this sup- 
plement varies by manufacturer, but consumers 
should be able to find saw palmetto supplements 
for as little as $3 for a month's supply. 8 

One double-blind placebo-controlled study 
examined saw palmetto's effect on AGA. 46 In this 
study, researchers studied the efficacy of a softgel 
containing ^-sitosterol 50 mg and saw palmetto 
200 mg extract (components of the HairGenesis™ 
Softgels discussed later) versus placebo in treating 
AGA. They found that 60% of patients taking the 
active softgel rated their hair growth as improved 
from baseline as opposed to only 10% of the 
patients taking placebo. However, this study had a 
limited patient population and also concurrently 
tested p-sitosterol, so any improvement cannot be 
attributed to saw palmetto alone. 

Biotin — This is a water-soluble B complex 
vitamin that is used in the body as a cofactor for 
biochemical carboxylations. Patients that are 
deficient in this vitamin often have alopecia, 
brittle nails, and a scaly erythematous dermati- 
tis. 47,48 Biotin is water-soluble, and there are no 
known side effects of supplementation and no 
documented cases of biotin overdose. 49 As with 
other supplements, cost of treatment will depend 
on the manufacturer, but consumers should be 
able to find biotin for as little as $2 for a month's 
supply. 8 

Dietary supplementation with biotin has been 
shown to improve the clinical condition of brit- 
tle nails, 48 but no studies have been conducted 
looking at biotin's effect on AGA. Although it is 
true that biotin deficiency can lead to alopecia, 
such a deficiency has not been demonstrated in 
healthy humans eating a mixed diet. 47 The only 
2 situations in which human biotin deficiency has 
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been demonstrated are in patients with extended 
consumption of raw egg whites 50 ' 52 and in patients 
with malabsorption syndromes receiving parenteral 
nutrition without biotin supplementation. 
Supplementing the diet with biotin is unlikely to 
harm a patient, but there is no data to suggest any 
improvement in hair regrowth. 

Other Hair Regrowth Products 

Avacor™ — Sold through the Internet and directly 
from the manufacturer, Avacor is a hair regrowth 
product marketed toward both sexes for treatment 
of AGA. 54 The product line consists of a scalp 
detoxifying shampoo, an herbal supplement, and a 
topical solution. The purpose of the shampoo as 
stated by the manufacturer is to deep clean the 
scalp to improve the absorbency of the topical 
treatment. The herbal supplements are to be 
taken twice daily to "maintain a healthy hair fol- 
licle" and consist of bilberry, ginkgo biloba, saw 
palmetto, and horsetail. The topical solution, 
which is marketed to men only, claims to dilate 
blood vessels in the scalp, allowing increased 
nutrient and oxygen delivery to the scalp. The 
Web site claims that these products must be used 
together and that they have no known side 
effects. 54 The cost of this product is $239.95 for a 
3 -month supply.*" 5 

The official Avacor Web site has a summary of a 
clinical study performed by The New York Hair 
Clinic and the Hair and Skin Treatment Center in 
which 200 men aged 18 to 65 years used the 3 -part 
system for 24 weeks. 55 The Web site claims that 91 % 
of the men had a decrease in hair loss and an 
increase in strength and thickness of preexisting 
hair within 3 months. 55 However, this study does not 
appear to be published in any journal and consumers 
can only receive a copy of the study if they purchase 
the product. 

A Wellness Letter highlighting dietary supple- 
ments, published by the University of California at 
Berkeley, showed that Avacor contains minoxidil 
in its topical solution despite its claims to be made 
from only natural ingredients. 56 In April 2003, the 
FDA sent the makers of Avacor a letter informing 
them that their products are considered drugs 
under section 201(g) of the Federal Food, Drug, 
and Cosmetic Act and should have had an 
approved New Drug Application prior to being 
marketed in the United States. The FDA also 
points out that the 3 individual components are 
mislabeled because the active ingredients are not 
listed on their labels. 57 

Given the lack of peer-reviewed evidence of hair 
growth and with all of the controversy surrounding 



this product, it would not be wise for clinicians to 
recommend this therapy to any patient. 

HairGenesis™ — This product line consists of 
4 items: Revitalizing Oral Softgef" supplements 
(p-sitosterol 50 mg and saw palmetto 200 mg 
extract) that claim to strengthen and protect hair; 
Topical Activator Serum that consists of various 5a- 
reductase inhibitors; Hair Revitalizing Formulation, 
a shampoo that has similar components to the 
Topical Activator Serum; and Hair and Scalp 
Conditioner that also is meant to strengthen and 
protect hair. Although the company states that 
the products may be used individually, it recom- 
mends using them all synergistically, at a cost of 
$200 for a 3-month supply. 58 The efficacy of the 
oral softgel containing saw palmetto is discussed 
above; there are no known research studies 
published about the other 3 components of the 
HairGenesis system. 

Nioxin® — This product line is sold only 
through hair salons and does not aim to regrow 
hair; rather, it claims to "create an optimum scalp 
environment" for regrowth and maintenance of 
the current hair count. The manufacturer claims 
to accomplish this by clearing the scalp of excess 
sebum that may contain high levels ot DHT 
Ingredients include various vitamin-B coen- 
zymes, biotin, saw palmetto, aloe, ginseng, and 
amino acids. The manufacturer claims that the 
Nioxin system has no known side effects. 59 As 
this product is sold only in salons, the cost for a 
month's supply will vary depending on the place 
of purchase. One salon that we contacted offered 
a one-month starter kit for $30. The manufac- 
turer does not disclose its clinical studies but 
claims that its studies are conducted by "world- 
renowned" researchers who are experts in hair 
thinning." 59 However, there is no known pub- 
lished scientific evidence that any of the ingredi- 
ents in Nioxin are effective in treating hair loss 
or maintaining hair count, or that excess sebum 
leads to hair thinning. 

Laser Light Therapy — Low- intensity laser light 
therapy has been shown to be effective in pro- 
moting wound healing 60 and in improving circu- 
lation. 61,62 For these reasons, some hair loss 
treatment centers are offering the use of lasers for 
treating alopecia in both men and women. To 
date, there are no known studies looking at the 
efficacy of these lasers for treating hair loss. The 
use of low-intensity laser light for treating alope- 
cia is FDA approved for safety only, not for 
efficacy. 29 This therapy is expensive, costing as 
much as $3500 for the recommended 6 months of 
treatment. 63 
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Although various Web sites claim efficacy 
based on double-blind placebo-controlled studies 
of laser light treatment versus placebo laser treat- 
ment, 64,65 such studies are not available for viewing 
anywhere on the Web sites. To the best of our 
knowledge, there are no peer-reviewed articles 
supporting efficacy of this type of treatment for 
AGA. Until reliable evidence of the effectiveness 
of laser light therapy for alopecia is published, this 
treatment remains experimental, at best. 

Conclusion 

Any consumer looking on the Internet for a treat- 
ment for hair loss is exposed to a multitude of 
remedies. However, only the FDA-approved treat- 
ments for AGA, finasteride and minoxidil, have 
any well-studied factual evidence of efficacy. 
Smaller studies have shown possible benefit of 
combining topical tretinoin with minoxidil, as 
well as combining finasteride and minoxidil. 
Spironolactone in high doses (100-200 mg), 
dutasteride, and saw palmetto, also may provide 
benefit; however, larger studies are needed to con- 
sider these agents as first-line treatments for 
AGA. In addition to efficacy, clinicians need to 
consider patient preferences, safety profile, and 
cost when counseling patients about treatment 
options for AGA. 
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The purpose of this study was to review the preclinical and 
clinical literature relevant to the efficacy and safety of ana- 
bolic androgen steroid therapy for palliative treatment of se- 
vere weight loss associated with chronic diseases. Data 
sources were published literature identified from the Medline 
database from January 1966 to December 2000, bibliographic 
references, and textbooks. Reports from preclinical and clin- 
ical trials were selected. Study designs and results were ex- 
tracted from trial reports. Statistical evaluation or meta-anal- 
ysis of combined results was not attempted. 

Androgenic anabolic steroids (AAS) are widely prescribed 
for the treatment of male hypogonadism; however, they may 
play a significant role in the treatment of other conditions as 
well, such as cachexia associated with human immunodefi- 
ciency virus, cancer, burns, renal and hepatic failure, and 
anemia associated with leukemia or kidney failure. A review 
of the anabolic effects of androgens and their efficacy in the 
treatment of these conditions is provided. In addition, the 



numerous and sometimes serious side effects that have been 
known to occur with androgen use are reviewed. 

Although the threat of various side effects is present, AAS 
therapy appears to have a favorable anabolic effect on pa- 
tients with chronic diseases and muscle catabolism. We rec- 
ommend that AAS can be used for the treatment of patients 
with acquired immunodeficiency syndrome wasting and in 
severely catabolic patients with severe bums. Preliminary 
data in renal failure- associated wasting are also positive. Ad- 
vantages and disadvantages should be weighed carefully 
when comparing AAS therapy to other weight-gaining mea- 
sures. Although a conservative approach to the use of AAS in 
patients with chronic diseases is still recommended, the util- 
ity of AAS therapy in the attenuation of severe weight loss 
associated with disease states such as cancer, postoperative 
recovery, and wasting due to pulmonary and hepatic disease 
should be more thoroughly investigated. («/ Clin Endocrinol 
Metab 86: 5108-5117, 2001) 



ANDROGENIC STEROIDS such as T and its derivatives 
have a wide range of uses in clinical medicine and 
were initially recognized for their anabolic effects. In 1889, 
French physiologist Charles Edouard Brown-Sequard an- 
nounced that an extract of dog and guinea pig testicles given 
iv results in an increase in physical strength, improvement in 
intellectual energy, relief of constipation, and lengthening of 
the arc of his urine. In the late 1930s the anabolic agent 
responsible for these effects, the androgens, were isolated. In 
the 1940s, scientists confirmed Brown^Sequard's claim that 
androgens, particularly T, could facilitate muscle growth. 
With the publication in 1945 of Paul de Kruif's widely read 
book, The Male Hormone, T use among athletes became more 
common. Although initially used by body builders, the pos- 
itive results encouraged AAS use in other strength-intensive 
sports, including football, track and field, hockey, swim- 
ming, soccer, cycling, volleyball, and wrestling. 

Anabolic-androgenic steroids (AAS) have also been used 
in clinical practice since the 1940s in the treatment of chronic 
debilitating illnesses, trauma, burns, surgery, and radiation 
therapy (1-4). The effects on hematological parameters were 
recognized as early as 1942, and before bone marrow trans- 



Abbreviations: AAS, Androgenic anabolic steroids; AIDS, acquired 
immunodeficiency syndrome; COPD, chronic obstructive pulmonary 
disease; HDL, high density lipoprotein; HlV, human immunodeficiency 
virus; LBM, lean body mass. 



plantation and the use of synthetic erythropoietin became com- 
mon, AAS were often used to treat various types of anemias (5). 
Norethandrolone and methandrostenolone [Dianabol (discon- 
tinued in 1993); CIBA, New Jersey] also became available on the 
market during the 1950s. The psychoactive effects of AAS 
broadened its use to treat depression and melancholia. 

Recent studies demonstrating positive effects of AAS on 
body composition have prompted further research in their 
use in treating the human immunodeficiency virus (HIV)/ 
acquired immunodeficiency syndrome (AIDS)-associated 
wasting syndrome. Since 1995, the use of AAS is estimated 
to have increased 400%, mostly attributable to treatment of 
AIDS-associated wasting. However, cachexia is prevalent in 
a wide spectrum of chronic diseases, including chronic renal 
failure, hepatic cirrhosis, cancer, and pulmonary disease. 
Although increased caloric intake and an exercise regimen 
are of paramount importance in the maintenance of body 
weight, treatment with anabolic agents may enhance the 
effects of these measures. 

AAS therapy does have several clinical uses other than 
androgen replacement. These compounds are used in the 
treatment of short stature (as in Turner's syndrome or con- 
stitutionally delayed growth and puberty), breast cancer (as 
an anti-estrogen), and the treatment of hereditary angio- 
edema. These applications are not discussed in this review. 
Instead, we focus primarily on the anabolic properties of 
these agents in patients with debilitating conditions. 
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AAS chemistry 

Synthesis. T is a steroid hormone synthesized primarily in the 
Leydig cells of the testes in men; however, it is also present 
in women, in whom it is synthesized in the ovaries and 
adrenal glands. Its synthesis is stimulated by the action of 
LH, which in men, targets testicular Leydig cells resulting in 
an increase in cAMP production. This, in turn, enhances the 
activity of the enzymes needed for T synthesis and increases 
the availability of their primary substrate, cholesterol. This is 
followed by a cascade of enzymatic reactions that yields T as 
the final product. 

Healthy adult men produce between 2.5-11 mg T/d, with 
plasma concentrations ranging between 300-1000 ng/dl (1). 
About 44% of the secreted T is bound to SHBG, whereas 
about 2% is in free form. The remaining T (54%) is known as 
bioavailable T, which is loosely bound to albumin and can 
dissociate within capillary beds (2). In target tissues such as 
the prostate, seminal vesicles, and pubic skin, T is irrevers- 
ibly converted to DHT by 5a-reductase. DHT has a relatively 
higher receptor binding affinity of 0.46 compared with 0.23 
of T (3). Estimates of the relative potency of DHT to T have 
ranged from 2:1 to 10:1. Likewise, the dissociation constant 
for DHT is 0.25-0.50 nM, while the of T is 0.4-1.0 nM, 
indicating that DHT is a much stronger androgen. 

In women, T is secreted by the ovaries and adrenal glands. 
About 50% of the secreted T (0.25 mg/d) is synthesized 
extra gland ul a rly, where androstenedione produced by the 
adrenals is converted to T. Plasma concentrations range from 
15-65 ng/dl. The majority of T produced in women is con- 
verted to E2 in adipocytes by the enzyme aromatase. 

Classification. Since T in its native form is rapidly absorbed 
and degraded regardless of the route used, the use of mod- 
ified analogs has become a favored method of androgen 
administration. There are three main classes of androgen 
analogs. Class A is made up of those analogs produced via 
esterification of the 17/3-hydroxyl group with any of the 

TABLE 1. T analogs approved in the U.S. 
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several carboxylic acid groups. Longer carbon chains in these 
groups yield androgen derivatives that are more soluble in 
lipid vehicles, such as those used for im injection. T, when 
injected as a solution in oil, is rapidly absorbed, metabolized, 
and excreted. T esters are less polar and are absorbed slowly 
when injected im in oil. Different esters have variable du- 
rations of action, and therefore the frequency of T adminis- 
tration depends on the type of ester being used. T propionate 
is given two or three times weekly, T cypionate and enan- 
thate are effective when given at 2- to 4-wk intervals, and T 
buciclate can be administered at 12-wk intervals (6). Class B 
analogs are those that have been alkylated at the 17a posi- 
tion, such as methyltestosterone. Class C analogs are those 
that are produced via modification of the A, B, or C rings, 
such as mesterolone. These analogs often exist in conjunction 
with those of class A as AC analogs (Table 1). As alkylated 
analogs and those with a modified ring structure are not 
metabolized by the liver as quickly as T and its 170-esterified 
derivatives, therefore, class B and C analogs are available for 
oral use (4). 

Metabolism. T is inactivated primarily by the cytochrome 
P450 family of hepatic isoenzymes. Therapeutic preparations 
of T have been developed to circumvent this immediate 
metabolism. Class A derivatives have long alkyl side-chains, 
rendering them less polar than T and hence retarding their 
hepatic metabolism and increasing their half-life in the pe- 
ripheral tissues. They are, however, eventually hydrolyzed 
and metabolized by the same pathway as endogenous T. The 
modification in the class B and C derivatives alters their 
metabolic pathway, yielding a longer half-life. They are vari- 
ably excreted either unaltered or as metabolites and conju- 
gates in the urine or feces (5). 

7s there a pure anabolic or androgenic agent? 

For decades researchers have known the anabolic potential 
of androgens. This made the use of androgens popular 



Drug 
clans 


Generic name 


Trade name 


Route 


Indications 


Dosage 


A 


T propionate 


Testex 


im 


T replacement 


10-25 mg 2-3 x/wk 




T enanthate 


Delates tryl, Everone, 


im 


T replacement 


50-400 mg every 2-4 wk 






Durathate 










T cypionate 


Virilon im, Depotest, Andro- 


im 


T replacement 


50-400 mg q 2-4 wk 




Cyp 










T patches 


Androderm, Testoderm TTS 


Top 


T replacement 


5 mg/day 




T Gel 


Androgel 


Top 


T replacement 


5 g/day 


AC 


Nandrolone decanoato 


Deca-Durabolin 


im 


Renal insufficiency- associated 


50-200 mg/wk 










anemia 






Nandrolone, phenpropionate 


Durabolin 


im 


Renal insufficiency-associated 


50-200 mg/wk 










anemia 




B 


Methyltestosterone 


Testred, Android, Virilon 


PO 


T replacement; endometriosis 


10-50 mg/d 












800 mg/d initially 


BC 


Danazol 


Danocrino 


PO 


HAE 


400-600 mg/d initially 




Fluoxymesterone 


Halotestin 


PO 


T replacement 


6-20 mg/d 




Metha ndros tenolone 


Mothandionone 


PO 








Oxandrolone 


Anavar, Oxandrin 


PO 


Wt loss 


5-10 mg/d 




Oxymetholone 


Anadrol 


PO 


Anemia 


1-5 mg/kg-d 




Stanozolol 


Winstrol 


PO 


HAE attack prevention 


6 mg/d 



HAE, Hereditary angi oedema; PO, taken orally. 
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among athletes. However, it was soon noted that these agents 
along with being anabolic, also result in androgenic side 
effects such as acne and increased sebum production in men 
and hirsutism and even virilization in women. For years, 
scientists have labored to dissociate anabolic from andro- 
genic effects with the hope of producing a purely anabolic 
agent that is free from any androgenic side effects. Unfor- 
tunately, to date no such compound exists. 

Androgens are a group of biologically diverse compounds 
with a variety of effects (anabolic and androgenic) in differ- 
ent body tissues (7). The androgenic effects of AAS include 
induction of male phenotype starting from sexual differen- 
tiation in utero, growth of sexual organs (genitals and pros- 
tate), development of secondary sexual characteristics, main- 
tenance of sexual function, and fertility. The anabolic effects 
of AAS include nitrogen retention and increases in muscle 
mass and strength. 

Although androgens mediate a broad range of develop- 
mental and homeostatic function, all of the androgens induce 
their response via a single AR despite this diversity. The 
receptor is a 120-kDa cytosolic protein encoded on the X 
chromosome, and to date only one AR cDNA has been iden- 
tified (8). As there is only one AR, how do AAS mediate these 
diverse actions? Attempts in the past have failed to isolate a 
pure anabolic or a pure androgenic receptor (9). One expla- 
nation in the case of T is that it is a prohormone, and many 
of its actions in different tissues are mediated by its metab- 
olites. T is converted by 5a-reductase to DHT (the main 
androgen in the prostate) and by aromatase to E2. It is known 
that skeletal muscle is almost devoid of 5oc-reductase activity, 
and therefore T is the major hormone in the skeletal muscle 
promoting anabolism (9). Furthermore, the relative binding 
affinity of DHT to AR in muscle is much lower than that to 
AR in the prostate. On the other hand, prostate tissue is rich 
in 5«-reductase activity, and almost whatever T enters the 
prostate is converted to DHT, which maintains its growth 
along with that of seminal vesicles and vas deferens, hence 
exerting its androgenic action. These analogs interact with 
the AR directly. These data show that the conversion of AAS 
in various tissues into different metabolites and the relative 
binding affinity of these metabolites to AR in these tissues are 
responsible for its diverse actions. However, in a recent an- 
imal study, Hsiao et al (10) found two different kinds of 
androgen response elements that could respond differen- 
tially to T and DHT. Therefore, it is possible that a selective 
androgen response element sequence may play a role in 
differential T vs. DHT AR trans-activation. 

Mechanism of anabolic action of AAS 

Many studies have shown that administration of andro- 
gens to hypogonadal young and elderly men results in an 
increase in lean body mass (LBM) (11, 12). However, inter- 
estingly, supraphysiological doses of T result in an increase 
in muscle mass and strength even in eugonadal men (13). The 
positive response observed in these men (even though the 
majority of ARs are likely to be saturated) suggests that 
androgens also mediate anabolic effects indirectly, i.e. not via 
AR. Therefore, one can divide the anabolic actions of AAS 
into direct and indirect mechanisms. 



Direct mechanism 

Administration of T to hypogonadal men results in an 
increase in both contractile and noncontractile skeletal mus- 
cle proteins. Increased incorporation of leucine into the skel- 
etal muscle was observed in six hypogonadal men after 6 
months of treatment with T cypionate (14), There was a 56% 
increase in the fractional synthetic rate of mixed muscle 
proteins from the baseline, including a 46% increase in the 
synthesis of myosin heavy chain, the main contractile protein 
(14). All men had an increase in muscle mass from the base- 
line. Similarly, short-term administration of oxandrolone (a 
synthetic analog of T) to normal young men resulted in a 44% 
increase in the fractional synthesis of muscle proteins (15). 
Furthermore, oxandrolone administration significantly in- 
creased mRNA levels of skeletal muscle AR. Similarly, a 
single injection of 200 mg T enanthate results in increased 
skeletal muscle protein synthesis and efficient utilization of 
amino acids (16). In summary, androgens increase muscle 
mass and strength by increasing efficient utilization of amino 
acids and, at least in case of oxandrolone, by increasing AR 
expression in skeletal muscle. 

Indirect mechanism 

Antiglucocorticoid action. Indirect evidence exists that the an- 
abolic effects of androgens on skeletal muscle may be me- 
diated by the antiglucocorticoid action of androgens. In vitro 
experiments have shown that T has a high affinity for GR 
(17). The same group has also shown that T acts as an an- 
tagonist to endogenous circulating glucocorticoids (18). 
These observations are appealing because there is a great 
degree of homology between AR and GR (19). These obser- 
vations are further supported by the fact that antagonism of 
glucocorticoids prevents muscle atrophy in men who have 
undergone orchidectomy (20). Furthermore, administration 
of large doses of AAS to these men result in an increase in 
urinary free Cortisol (20). Men with androgen insensitivity 
syndrome also show nitrogen retention when given laTge 
doses of AAS despite having nonfunctional ARs (21). Sim- 
ilarly, T administration to patients with severe burns (a state 
of hypercortisolism and hypogonadism) shows a significant 
decrease in protein breakdown (22). Although the majority 
of the reports suggest GR antagonism as the main mode of 
androgen action, some have proposed that AAS interfere 
with glucocorticoid action at the gene level by interfering 
with hormone response elements (23). 

Interaction with IGF-I system. Intravenous infusion of IGF-I 
results in stimulation of skeletal muscle protein synthesis 
(24). It has been shown that androgens are necessary for the 
local production of IGF-I within the skeletal muscle regard- 
less of the systemic IGF-l levels and rate of GH production. 
This is supported by the observation that induction of hy- 
pogonadism in normal young men results in a reduction in 
IGF-I mRNA levels in skeletal muscle (25). Indeed, when 
hypogonadal elderly men are treated with T, there is an 
increase in IGF-I mRNA levels in muscle biopsy specimens 
(26). These reports show that T-IGF-I interaction is also im- 
portant for the anabolic process. 
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Regulation of myostatin gene. The effects of A AS at the genetic 
level are currently poorly understood. Recently, the human 
myostatin gene was cloned. This gene is located on chro- 
mosome 2 and is a negative regulator of muscle growth. 
Inactivating mutations of this gene in mice and cattle are 
associated with double muscling in these animals (27). The 
myostatin protein is secreted into the serum and can be 
measured in the circulation. In a recent study, myostatin 
levels were elevated in the serum and skeletal muscle biopsy 
specimens of patients with AIDS associated sarcopenia com- 
pared with those in AIDS patients without any weight loss 
and normal controls (28). Furthermore, high levels of circu- 
lating myostatin have produced muscle atrophy in the rat 
(29). Preliminary research suggests that the myostatin pro- 
tein may play a role in age-associated sarcopenia (30). This 
is further supported by the fact that low gravity-induced 
muscle wasting accompanies an increase in myostatin 
mRNA (31). As androgen levels decline with aging, it is 
possible that myostatin levels may rise as a result of andro- 
pause. Therefore, it is possible that androgens may exert their 
anabolic effects by either directly or indirectly suppressing 
the expression of myostatin. However, the role of myostatin 
in humans is not extensively defined, and these hypotheses 
should be tested by well designed clinical research. 

Therapies currently in use for treatment of cachexia 

Therapies that are currently available include A AS, meges- 
trol acetate (Megace; Bristol-Myers Squibb, Princeton, NJ), 
GH, high calorie supplements, parenteral nutrition, and ex- 
ercise. Therapy with Megace typically results in an increase 
in fat mass. GH use is associated with high cost and some 
untoward side effects. For this reason, other methods of 
treatment are in demand. Table 2 provides a summary of the 
conditions in which AAS therapy has been tested. These 
conditions are described below. 

AIDS. Cachexia/ anorexia resulting from an imbalance be- 
tween nutritional intake and resting energy expenditure is a 
common problem in HIV patients. Weight loss of greater 
than 10% baseline body weight (HIV-associated wasting) is 
a strong predictor of mortality in HIV-infected men (32). The 
use of T and its analogs in the treatment of chronic disease- 
associated catabolism is best studied in HIV/ AIDS patients, 



because a significant proportion of this population has hy- 
pogonadism (33). Furthermore, the degree of weight loss in 
male HIV patients correlates with reductions in circulating T 
levels (34). This shows that androgen depletion may play a 
role in HIV-associated wasting. 

Androgen replacement therapy for the treatment of HIV- 
associated wasting has met with varying degrees of success 
depending on the preparation, route of administration, and 
dosage used (35). Many studies using im T preparations to 
treat HIV-associated wasting have been performed to exam- 
ine its effects on body composition. In an uncontrolled, open 
label study of T cypionate (400 mg every 2 wk), an average 
weight gain of 2.3 kg over a period of 12 wk was observed 
(36). Grinspoon et al (37) have also shown an increase in LBM 
and muscle mass using 300 mg T cypionate every 3 wk. 
Bhasin et al. (38) recently completed a randomized, double 
blind, placebo-controlled 16-wk trial of T enanthate (100 
mg/wk) and exercise (alone and in combination) compared 
with placebo in HIV-infected men with hypogonadism (total 
T, <350 ng/dl) and 5% weight loss. T-treated patients ex- 
perienced a total weight gain of 2.6 kg and an increase in LBM 
of 2.3 kg. There was also a significant increase in muscle 
strength. The patients in the exercise-only group also showed 
an increase in total weight and LBM, whereas the placebo 
grotip lost weight. Interestingly, T and exercise in combina- 
tion did not result in greater gains than either intervention 
alone. However, one trial with T enanthate did not produce 
any significant weight gain (39). 

Transdermal T patches have also been used in HIV pa- 
tients. The transscrotal T patch, Testoderm (Alza Corp., 
Mountain View, CA), at a dose of 5 mg daily did not result 
in weight gain or increase in LBM in HIV patients (40). On 
the other hand, Androderm (TheraTech, Inc., Salt Lake City, 
UT), a nonscrotal T patch, has been shown to increase LBM 
when applied at the same dose of 5 mg/d (41). It is important 
to remember that the difference in efficacy between different 
products could relate to the level of T achieved in the serum. 
Preparations achieving lower T levels demonstrated less sig- 
nificant benefit. Recently, Miller et al. (42) for the first time 
showed that therapy with T patches in women with HTV 
results in a significant improvement in weight and overall 



TABLE 2. Efficacy of AAS therapy in chronic diseases associated with catabolic states 



Condition Wt gain efficacy Disease-specific efficacy Safety comments 

__ Yes No 

Pulmonary Yes Conflicting" 

Liver failure Yes Yes b Hepatic dysfunction associated 

with 17a-alkylatcd analogs 

Postoperative recovery Yes Yes 

Burns Yes Yes* 

Cancer Not studied* Yes* 

Renal failure Yes Yes'" Sodium retention may 

exacerbate edema 

° Studies examining AAS effects on maximal inspiratory pressure (Pmax) have yielded conflicting results. 
h Oxandrolone treatment in alcoholic hepatitis has yielded significant improvement in liver function. 
c AAS has beneficial effects in preliminary studies. 

d The efficacy of AAS therapy for weight gain in cancer patients has not yet been examined in a clinical trial. 

9 AAS therapy has been shown to have positive effects on remission rates in leukemia patients. 

f In addition to increasing lean body mass in dialysis patients, AAS also improves erythropoietin synthesis. ; 
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quality of life compared with placebo. Furthermore, no ad- 
verse effects of T patches were seen in women. 

Oral preparations of T are seldom used because of rapid 
metabolism and inactivation in the case of class A analogs, 
and liver toxicity in the case of class B and C analogs. How- 
ever, oxandrolone, an orally active T derivative, may be 
suitable for treatment of HI V-associated wasting. Significant 
increases in weight and LBM in patients treated with oxan- 
drolone have been demonstrated. In a 4-month randomized, 
placebo-controlled study of oxandrolone (15 mg/d) in 63 
AIDS patients with more than 10% body weight loss, oxan- 
drolone resulted in significant weight gain, increase in ap- 
petite, and improvement in physical activity (43). At wk 16, 
patients taking oxandrolone had an increase of 0.6 kg in mean 
body weight, whereas the placebo patients lost 1.1 kg. In 
another study eugonadal HIV patients with weight loss were 
given T therapy at a dose of 100 mg/wk and randomized to 
oxandrolone (20 mg/d) or placebo (44). The patients in the 
oxandrolone group experienced increase in nitrogen reten- 
tion, LBM, and muscle strength. Similarly, the use of nan- 
drolone decanoate in this patient population also resulted in 
a significant increase in weight and LBM (45, 46). Oxy- 
metholone is another oral preparation that has been used to 
treat HIV wasting with positive effects on total body weight 
(47). At a dose of 50 mg three times a day, oxymethalone 
resulted in an increase of 8.2 kg over a 30-wk period, whereas 
the subjects on placebo lost 1.8 kg. There was also a signif- 
icant improvement in the quality of life variables in subjects 
taking oxymethalone. 

In summary, these studies suggest that T and its analogs, 
regardless of the route of administration, result in an increase 
in weight and LBM. However, further studies would be 
welcomed to determine the exact nature of the relationship 
between factors such as dosage, route, and preparation used 
and the resultant changes in body composition in HIV pa- 
tients, including women. 

Pulmonary disorders. As in HIV, weight loss in patients with 
chronic obstructive pulmonary disease (COFD) is associated 
with mortality (48). Recent studies indicate a potential use for 
AAS therapy in COPD-associated wasting. A regimen of 
exercise, 250 mg im T administration at the baseline visit, and 
then 12 mg/d oral stanozolol for 27 wk showed significant 
improvement in weight, body mass index, LBM, and muscle 
size compared with exercise alone in patients with COPD 

(49) . However, there was no increase in maximum inspira- 
tory pressure or measures of physical endurance. Schols etal 

(50) studied 217 patients with COPD and randomized them 
to either nandrolone decanoate plus nutrition and exercise or 
nutrition and exercise alone for a period of 8 wk. There was 
a significant increase in fat-free mass and an improvement in 
maximum inspiratory pressure in the nandrolone group. 
Similarly, oxandrolone therapy (20 mg/d) in tetraplegic pa- 
tients produced significant improvement in weight and re- 
spiratory parameters (51). Caution is recommended when 
treating COPD patients with androgens due to the risk of 
developing polycythemia. Further research in a large num- 
ber of patients is needed before the use of AAS becomes 
routine in this patient population. 



Liver disease. AAS also have a role in treating patients with 
hepatitis-related malnutrition. In a study of 271 patients with 
alcoholic hepatitis, oxandrolone along with a high calorie 
supplement was compared with placebo and a low calorie 
supplement. Significant improvement in liver function and 
overall survival was observed in the oxandrolone and high 
calorie supplement group (52). Similarly, oxandrolone ther- 
apy has been shown to result in a reduction in 6-month 
mortality in patients with alcoholic hepatitis (53). In a V.A. 
cooperative study of 273 patients with moderate protein 
calorie malnutrition secondary to alcoholic hepatitis, 80 
mg/d oxandrolone along with an enteral food supplement 
resulted in improved 6-month survival, decrease in liver 
injury, and improvement in malnutrition compared with the 
placebo group (54). However, no significant improvement 
was observed in patients with severe malnutrition. Although 
this dose of oxandrolone was very high, especially in a pop- 
ulation with established liver disease, no hepatotoxicity was 
reported in subjects taking oxandrolone. In summary, al- 
though the preliminary studies hold promise, the use of AAS 
in these patients is not considered a standard of care and may 
be potentially dangerous. Further studies are necessary to 
fully characterize the effects of AAS, especially 17a-alkylated 
agents such as oxandrolone, in this patient population. 

Wound healing and postoperative recovery. The anabolic effects 
of T may also have a place in the process of wound healing 
and surgical recovery. The 17a-alkylated agent stanozolol 
has been shown in vitro to significantly enhance collagen 
synthesis when applied to human dermal fibroblasts (55). 
Animals with full thickness wounds when treated with ox- 
androlone show early closure and increased tensile strength 
of the wound (56). A positive effect of AAS on wound healing 
in patients with nonhealing wounds has also been demon- 
strated (57). In this study patients with weight loss and 
nonhealing wounds for more than 1 yr who had failed to 
respond to nutritional supplements showed significant 
weight gain while taking oxandrolone. As they restored their 
body weights, there was significant improvement in the rate 
of wound healing, as measured by wound diameter. Amory 
et al. (58) have recently shown that the positive effects of AAS 
on muscle strength lead to early mobilization and, hence, 
alleviates the postoperative debilitation associated with knee 
replacement surgery. In their placebo-controlled trial of T 
enanthate (600 mg weekly for 3 wk before surgery), there was 
a significantly shorter in-patient stay and a higher degree of 
functional independence in patients receiving T. Although 
the data on wound healing appear promising, the process of 
wound healing may be due to general recovery and early 
mobilization of these patients rather than to direct effects of 
AAS on the wounds itself. Therefore, until more research is 
available AAS should not be used on a routine basis to 
expedite the process of wound healing. 

Bums. There is a significant decrease in T levels in patients 
with severe burn injuries (59). As these patients are catabolic, 
the anabolic effects of AAS may play an important role in 
weight gain in these patients. The efficacy of AAS was tested 
in a prospective randomized study of 13 burn patients, 7 of 
whom received oxandrolone (10 mg twice daily) along with 
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a high protein diet, whereas the remaining 6 were treated 
with diet alone (60). There was no difference in daily caloric 
intake between the two groups. Patients taking oxandrolone 
experienced significantly greater increases in average weight 
gain and physical therapy index than patients treated with 
diet alone. This efficacy of oxandrolone in burn patients is not 
age dependent (61). Recently, oxandrolone (20 mg/d) ad- 
ministered during the immediate postburn period to patients 
with burns covering 40-70% of their body surface area pro- 
duced a decrease in net weight loss, an increase in nitrogen 
retention, and a decrease in healing time compared with 
placebo (62). Furthermore, oxandrolone has an equal ana- 
bolic potential as human GH and is, in fact, safer (63). In 
summary, the use of oxandrolone in this patient population 
has shown positive results: Therefore, we recommend judi- 
cious use of AAS in patients who have major burn injuries 
and are severely catabolic. 

Cancer. Anorexia and weight loss are common occurrences in 
patients with cancer. Cachexia is a state of increased resting 
energy expenditure that continues despite decreased host 
reserves. Furthermore, weight loss in cancer is different from 
that in starvation. During starvation, the body adapts to use 
fat as the major source of fuel while conserving protein. In 
cancer-associated wasting, weight loss ensues due to equal 
losses of protein and fat. Increased utilization of amino acids 
for gluconeogenesis is responsible for muscle catabolism 
(64). The cachexic/ anorexic effects of cancer lead to malnu- 
trition and contribute to androgen deficiency (65). Therefore, 
AAS may have a role to play in the treatment of cancer 
cachexia. However, only a few controlled trials have been per- 
formed to ascertain whether this represents an influence of 
hormones on nutritional intake or vice versa. Preclinical trials 
with nandrolone decanoate in rats did not support the former 
hypothesis (66). In 1988, Todd (65) reported that malnutrition 
and the resulting weight loss in patients with pancreatic cancer 
are responsible for hypogonadism, rather than hypogonadism 
being the culprit. In either case, depressed serum T could result 
in decreased anabolic activity and loss of LBM. 

Androgen therapy may also have other benefits in patients 
with cancer. Patients with cancer are anemic due to either 
malnutrition or the effect of chronic disease. Androgen ther- 
apy results in increases in hemoglobin levels (1-5 g/ dl) and 
red blood cell volume (325-350 ml) (67, 68). Before the avail- 
ability of recombinant erythropoietin, refractory anemia, es- 
pecially secondary to bone marrow failure, was treated suc- 
cessfully with androgen therapy (69). 

The erythropoietic effects of androgens have been known 
for many years in patients with leukemia. Clinical studies 
show that the treatment with stanozolol during the induction 
phase of chemotherapy results in a positive effect on the 
duration of remission (70, 71). However, with the advent and 
wide availability of recombinant erythropoietin, androgen 
use has become rare. It may be appropriate in certain cir- 
cumstances, however, when wasting accompanies anemia or 
when cost is an issue. 

Renal failure. Malnutrition and sarcopenia are commonly 
seen in patients with end-stage renal disease receiving dial- 
ysis (72). As parenteral nutrition has proven to be ineffective 
in improving the nutritional status of these patients, AAS 
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therapy appears to be an exciting alternative. In a recent 
double blind, placebo-controlled trial, 29 patients were ran- 
domized to either placebo or nandrolone decanoate (100 
mg/wk, im) for 6 months (73). Serum creatinine and LBM 
were significantly greater in the nandrolone group. The re- 
sults of functional tests such as timed walking and stair- 
climbing also significantly improved in the nandrolone 
group, whereas they worsened in the placebo group. 

In addition to the increase in LBM, patients with chronic 
renal failure benefit from the stimulation of erythropoiesis 
resulting from the administration of AAS (74, 75). A recent 
study of 25 male anemic patients with normal serum iron 
levels showed an increase in erythropoietin synthesis in 15 
patients treated with nandrolone decanoate (200 mg/wk, im) 
for 6 months (76). Although erythropoietin levels returned to 
baseline 6 wk after the final dose of nandrolone, the hemo- 
globin concentration remained in the normal range up until 
16 wk after discontinuation of nandrolone. Clinical trials 
have shown that nandrolone decanoate therapy in combi- 
nation with recombinant human erythropoietin result in a 
greater increase in hematocrit compared with erythropoietin 
alone (77). Based on these positive data, the role of AAS 
should be further studied in patients with renal failure, es- 
pecially evaluation of functional status and quality of life. 

Safety 

At this point little is known about the complications of 
AAS therapy in patients with cachexia. The safety informa- 
tion that is available is mainly from the use of AAS in athletes. 
A 1997 survey of 97 body builders using AAS reported var- 
ious side effects, including testicular atrophy, gynecomastia, 
hypertension, fluid retention, tendon injuries, nosebleeds, 
frequent colds, hepatic and renal dysfunction, and sleep ir- 
regularities (78). Studies examining these effects are de- 
scribed below in further detail. 

Effects on gonads. A reduction in fertility associated with 
anabolic steroid use results due to gonadotropin suppres- 
sion, which, in turn, results in azoospermia, abnormalities in 
sperm motility and morphology, and testicular atrophy (79- 
81). The reversibility of these effects is variable. Some have 
suggested that restoration of hormonal balance after discon- 
tinuation of AAS use allows testicular function to return to 
normal (82, 83), whereas other studies have shown the per- 
sistence of hormonal abnormalities even after discontinua- 
tion of AAS (84, 85). 

Muscular-skeletal injury. Despite the apparent positive effects 
of AAS on bone and muscle strength, alterations in connec- 
tive tissue structure induced by AAS therapy have been 
associated with deleterious effects on tendon strength. Evi- 
dence suggests that anabolic steroid use leads to dysplasia of 
collagen fibrils, resulting in a decrease in overall tendon 
tensile strength (86). The risk of triceps tendon rupture, a 
relatively uncommon injury, is also increased in association 
with AAS use (87). Further research focusing on the risk of 
tendon injury in both athletic and nonathletic populations 
should be conducted. 

Lipoproteins. Fluctuations in lipid profile are often seen in 
patients receiving AAS therapy. Palatini et al (88) compared 
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10 body builders using AAS to 14 body builders who did not 
receive any anabolic agent. At the completion of the study, 
subjects taking AAS had lower high density lipoprotein 
(HDL) cholesterol and elevated low density lipoprotein con- 
centrations. Similarly, weekly irn administration of nan- 
drolone decanoate (200 mg/wk) to 14 hemodialysis patients 
resulted in a significant decrease in HDL-2 cholesterol and 
apolipoprotein A-I levels (89). An increase in the concentra- 
tions of apolipoprotein B and triglycerides was also seen. The 
use of 17/3-esterified derivatives have less adverse effects on 
serum lipids than oral 17a-alkylated analogs (90-92). Inter- 
estingly, T has been shown to be less deleterious to the lipid 
profile compared with other AAS. Thompson et al. (93) in 
their 6-wk cross-over trial of 11 male weight lifters showed 
that administration of oral stanozolol at a dose of 6 mg/d 
resulted in a more adverse lipid profile than im injection of 
supraphysiological dose of T (200 mg/wk). Serum HDL lev- 
els decreased by 33% during stanozolol treatment compared 
with a decline of 9% during T administration. The reason for 
this difference may be due to an increase in the activity of 
hepatic triglyceride lipase (the enzyme responsible for HDL 
catabolism) in response to oral agents (93). In the future, 
more comparative studies between T and other AAS con- 
cerning their effects on lipid profile would be helpful. 

Cardiovascular. For more than 6 decades, T has been known 
to induce hypertension in animals (94). Animal studies have 
shown that AAS inhibit 11/3-hydroxylation of 11 -deoxycor- 
ticosterone to corticosterone, which results in hypertension 
in rats (95). Fluid retention may also contribute to hyper- 
tension. The human heart expresses the AR and hence is a 
target organ for androgens (96). Cardiomegaly has been re- 
ported in the preclinical studies of AAS (97, 98), and electron 
microscopy shows disintegration of intercalated discs, mi- 
tochondriolysis, myofibrillolysis, and intracellular edema 
when AAS is given in conjunction with physical training (99). 
The risk of atherosclerosis may also be increased with AAS 
use, as shown by an increase in aortic elastin and collagen 
content with T administration to male rats. A study of male 
athletes found significantly greater cardiovascular risk factors 
in AAS users than nonusers (100). Subjects using AAS had a 
high total cholesterol /HDL ratio, higher low density lipopro- 
tein levels, and lower HDL levels compared with nonusers. 

The incidence of cardiovascular morbidity associated with 
AAS use, however, has been difficult to determine, partially 
because of the clandestine nature of steroid use in athletes. 
In patients undergoing therapeutic AAS treatment, there 
were only 16 reported cases of morbid circulatory events 
between 1976 and 1993 (101). No clinical study has yet dem- 
onstrated a conclusive link between AAS use and fatal car- 
diovascular events. However, patients with COPD should be 
followed more carefully, because the use of AAS may ag- 
gravate their polycythemia, thus predisposing them to myo- 
cardial ischemia and congestive heart failure. 

Hepatic, Studies have linked various abnormal liver function 
tests (elevated plasma alkaline phosphatase, aminotrans- 
ferases, conjugated bilirubin, and plasma proteins) with the 
use of AAS (102-104). Jaundice occasionally occurs in pa- 
tients with a previously normal functioning liver due to a 
hypersensitivity-type reaction. Cholestatic hepatitis has also 



been reported with the use of 17a-alkylated agents due to the 
accumulation of bile in the biliary canalicules without any 
obstruction in the larger ducts (105). If jaundice occurs, it 
generally develops after 2-5 months of therapy. In the ma- 
jority of the patients, elevation in transaminases is transient, 
with levels normalizing within a few weeks of discontinu- 
ation (106). In athletes, particular care should be exercised 
when interpreting liver function tests, because breakdown of 
skeletal muscle during intense training can result in elevation 
of transaminases (107). There has been some concern over the 
use of AAS in patients with AIDS, as many of these patients 
have subclinical hepatic disease. As protease inhibitors and 
oxandrolone are metabolized by cytochrome P450 3A4 en- 
zyme system, combined use of these drugs may result in 
elevation of the oxandrolone concentration to harmful levels. 
We recommend further pharmacological study in this re- 
gard. Peliosis hepatis has also been reported with the use of 
AAS (108-111). Lastly, there have also been isolated reports 
of AAS use resulting in carcinomas of the liver (112-115). An 
exhaustive review of the literature by the authors failed to 
show any clear increase in the incidence of liver cancer as- 
sociated with AAS use, and virtually all clinical studies of 
AAS-associated hepatoma have been isolated case reports. 
Furthermore, the majority of these patients were taking these 
compounds for approximately 1-7 yr. AAS may play a role 
in the development of hepatocellular hyperplasia and hep- 
atocellular adenoma; however, these effects usually occur in 
patients taking high doses of AAS or untraditional combi- 
nations of 17a-alkylated AAS (116, 117). Although in vitro 
analysis does show some evidence for altered liver function 
with the use of 17a-alkylated steroids (118), therapeutic 
doses have not been decisively proven to cause hepatocel- 
lular carcinomas. Furthermore, in the isolated cases in which 
cancers were reported to develop subsequent to the use of 
AAS, detailed evaluation found them to be hyperplastic le- 
sions that regressed upon withdrawal of the drug. Support- 
ing this observation, a long-term study of patients treated 
with stanozolol or danazol and followed for 15-47 months 
did not show any harmful effect on the liver (119). 

Psychiatric. The effects of T on human aggression are con- 
troversial. Anecdotal evidence supports the claim that ana- 
bolic steroid use results in a typical "roid rage" phenomenon, 
during which athletes experience an increase in agjgression 
and irritability while using AAS. The validity of this assertion 
is questionable in consideration of the fact that virtually all 
evidence supporting this behavior is based on either case 
reports or correlational studies (120); A few well controlled 
studies have demonstrated an association between AAS use 
and feelings of aggression, alertness, irritability, anxiety, sus- 
piciousness, and other mood extremes (121-123). However, 
these results have been contradicted by other studies that 
found no evidence of aggressive behavior even when sup- 
raphysiological doses of T were administered (124). Wang et 
at. (125) recently reported that T administration to hypogo- 
nadal men resulted in a significant decrease in anger, sad- 
ness, irritability, and nervousness along with an increased 
sense of well-being, energy, and friendliness. 
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Additional safety considerations 

Traditionally, physicians have been concerned about the 
effects of T administration on the prostate. However, recent 
reviews suggest that the incidence of prostate cancer is not 
increased by T administration (126). Furthermore, there is no 
clear evidence that androgen administration results in the 
development of benign prostatic hypertrophy. Recently, 
Snyder et al (127) completed the longest (3-yr) study of T 
administration to hypogonadal elderly men. During the 
study period, there was no significant difference in major 
prostate events between the T and the placebo groups; how- 
ever, the androgen group did demonstrate a small increase 
in prostate-specific antigen levels. Furthermore, there was no 
difference between the two groups in urinary flow rate, uri- 
nary symptom score, or residual postvoid urine volume 
(127). Although these data suggest that T has a good safety 
profile, many more studies are required before a firm con- 
clusion can be made. Androgen administration remains an 
absolute contraindication in patients with a history of pros- 
tate cancer. 

Clinical applications 

In this review we have attempted to make endocrinolo- 
gists aware of the fact that AAS may have a wide range of 
use in clinical medicine. Although the basic chemistry of the 
compounds is well characterized, the absolute safety and 
efficacy of AAS use under any circumstance other than an- 
drogen replacement for male hypogonadism have remained 
in question. Conventional wisdom has dictated that the use 
of AAS is not warranted due to possible safety hazards. 
However, recent clinical studies investigating these issues 
more thoroughly arc beginning to demonstrate a possible 
usefulness for AAS therapy. Although patient safety remains 
a primary concern, the devastating cachexic effects of disease 
states such as HIV /AIDS require specific treatment. 

Currently, the AAS therapies used in the U.S. for the treat- 
ment of severe weight loss include T esters (200 mg im every 
2 wk), oxymetholone (50-150 mg/d), and oxandrolone (20 
mg/d). Adequate nutrition must always be the first line of 
therapy for weight loss. However, AAS may have a role in 
patients in whom nutrition and standard care have been 
ineffective. We think that there are sufficient positive data 
available to recommend AAS for the treatment of cachexia 
associated with the AIDS wasting syndrome. Although data 
from patients with burn injury-related cachexia are scant, the 
available data are positive, and therefore, we recommend 
judicious use of AAS in patients with major burns who are 
severely catabolic. We propose further research in exploring 
the role of AAS in the treatment of wasting due to renal 
failure, cancer, COPD, and postoperative recovery. 

We suggest the following plan for the treatment of patients 
with cachexia associated with chronic diseases. As many of 
these chronic disease states are associated with hypogonadism, 
patients who axe found to be hypogonadal should be started on 
physiological T replacement therapy with either a patch or im 
injection (until further studies are available, we do not recom- 
mend supraphysiological doses of T in these patients). How- 
ever, if these patients are eugonadal (normal T) despite being 
catabolic, we do not recommend therapy with AAS at this time. 
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Even though recent evidence suggests that administration of 
AAS such as oxandrolone to eugonadal men results in an in- 
crease in LBM (44), we believe that more research is needed to 
further evaluate the role of AAS such as nandrolone and ox- 
androlone in eugonadal catabolic patients. 

Because of possible side effects associated with AAS ther- 
apy, several precautions should be taken before adminis- 
trating AAS. The possibility of altered liver function, espe- 
cially with 17a-alkylated anabolic steroids, warrants serial 
liver function testing. The androgenic nature of all anabolic 
steroids necessitates the testing of PSA levels in men before 
therapy is initiated. Additionally; serum lipids should be 
checked, as AAS therapy may be detrimental to patients at 
high risk for cardiovascular complications, especially those 
with low serum HDL levels. 

The goal of AAS therapy, along with appropriate nutrition, 
would be to increase weight and LBM, which would translate 
into an improvement in functional status and reductions in 
mortality. Unfortunately, the number of studies evaluating 
these outcomes are limited. Moreover, there is a great need 
to evaluate the role of AAS in women with wasting syn- 
dromes. Although at this time we can recommend AAS in a 
limited number of conditions, further research is needed on 
the use of AAS in multiple diseases and their impact on 
quality of life and survival. 
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WITH THE HUMAN GLUCOCORTICOID RECEPTOR 
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Summary-Transient co-transfcclion of receptor cDNA and suitable reporter genes was used 
f Tudy human glucocorticoid receptor (hGR) function in a "^rThTaWI tv"" 
background. A variety or natural and synthetic stero.ds were analyzed for thctr ability < to 
acuva e Rene expression through the hGR and to bind to extracts of cells express.ng the hGR 
on Th". watery good correlation between these two in vi.ro parameters for these 
compounds Furthermore 8 correlation of these data with reported in vivo an'-nflamntatoty 
nancies was surprisingly close, with two exceptions. The in vitro data suggest an explanalton 
for ^discrepan^ Compounds, consistent with published data on their metabol.c fate mywo 
T^e co transaction assay h a ; utility as a quantitative predictor of in vivo g.ucocort.cotd 
pharmacology. 




INTRODUCTION 

The human glucocorticoid receptor (hGR), 
cloned in 1985 (1], is known to be a member of 
a protein superfamily of closely related intra- 
cellular receptors (IRs) which function as 
ligand-activated transcription factors [2-4]. The 
hormone-IR complex can positively or nega- 
tively regulate the expression of gene networks 
by its interaction with specific target hormone 
response elements (HREs) within the promoters 
of controlled genes. One useful development in 
the elucidation of the structure and function of 
the GR protein was the development of a 
"cis-trans" or co-transfection assay in which 
glucocorticoid-dependenl transcriptional con- 
trol could be reconstituted in a model cell 
system [5]. This has enabled significant ad- 
vances in the understanding of the domain 
structure of the hGR and other IRs [5 -7]. In the 
"cis-trans" assay, a plasmid encoding the 
cDNA for the hGR under a constitutive pro- 
moter, e.g. the Rous sarcoma virus (RSV) long 
terminal repeat (LTR), and a second plasmid 
carrying a gene for a detectable reporter, e.g. 
firefly luciferase (LUC), under the control of a 
glucocorticoid-responsive promoter, e.g. the 
LTR of the mouse mammary tumor virus 
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(M MTV), are introduced into a neutral mam- 
malian cell background. This results in reconsti- 
tute of hormone-dependent transcriptional 
transactivation of reporter gene expression. This 
introduction of the hGR cDNA and the MMTV 
LTR-LUC can be accomplished by preparing 
suitable adenoviral vectors [9] or by transient 
transfection of two plasmids, one directing over- 
expression of hGR and the other encoding 
MMTV LTR-LUC. In addition to conferring 
on recipient CV-1 cells a functional and measur- 
able response to glucocorticoids, adenoviral 
infection or transient transfection with the 
hGR-encoding vector also confers specific bind- 
ing of tritiated dexamethasone. 

The availability of a reliable and quantitative 
in vitro predictor of in vivo anti-inflammatory 
activity would have significant benefit. In the 
present study, we evaluate the utility of in vino 
quantitative assessment of various glucocorti- 
coid analogues using the "cis -trans" assay and 
radioligand binding as predictors of in vivo 
activity of these compounds. The potency and 
efficacy of a panel of 21 natural and synthetic 
glucocorticoids were assessed. The functional 
agonist activity of these 21 glucocorticoids was 
determined in CV-I cells expressing transfected 
hGR cDNA over a full range of concentrations 
(10 " to 10 5 M). This was compared to their 
potency to displace specifically bound tritiated 
dexamethasone from cytoplasmic extracts of 
CV-I cells expressing the hGR protein after 
introduction of hGR cDNA. 
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EXPERIMENTAL 



Media and chemicals 

CV-1 cells were grown as a monolayer in 
Dulbecco's modified Eagle's medium (DMEM) 
containing 10% (v/v) fetal calf serum (Gibco, 
Grand Island, NY) and supplemented with 
2 mM L-glutamine (Gibco), and 55 fig/ml gen- 
tamicin (Flow Laboratories, McLean, VA). 
Plasmids pRShGR, pGRE-LUC, and pRSV-0- 
gal have been previously described [5J. Briefly, 
pRShGR is a pBR322 derivative containing the 
hGR cDNA under control of the RSV LTR. 
pGRE-LUC contains a cDNA for LUC under 
the control of the MMTV LTR, a conditional 
promoter containing a glucocorticoid response 
element (GRE). pRSV-/?-gal contains the 
gene for E. coli /?-galactosidase under control 
of the RSV-LTR, a constitutive promoter. 
Unlabeled chemicals were obtained from Sigma 
Chemical Co. (St Louis, MO). [ 3 H]Dexa- 
methasone (approx. 40 Ci/mmol) was purchased 
from Amersham Radiochemicals (Arlington 
Heights, IL). 

Buffers and enzyme assays 

For the competitive binding assay, homogen- 
ization buffer [(10 mM Tris-HCl (pH 7.4) 1 mM 
EDTA, 1 mM phenylmethylsulfonylfluoride, 
2 mM dithiothreitol, 0.25 M sucrose)] and 
gelatin phosphate buffer [0.15 M NaCI, 0.015 M 
NaNj, 0.1 M Na 2 HP0 4 , 0.039 M NaH 2 P0 4 
(pH 7.0), 0.1% gelatin] were utilized. 

Buffers utilized for the calcium phosphate 
mediated co-transfection assay were as de- 
scribed [8]. All cell washing steps were in 
!50mM phosphate buffered saline (PBS). Test 
ligands were prepared in DMEM containing 
10% (v/v) charcoal-absorbed fetal calf serum. 
Luciferase activity in cell extracts was assayed in 
9.7 mM MgCI 2 , 1.66 mM ATP, 0.45 sodium 
luciferin, 91 mM potassium phosphate, pH 7.8 
on a Dynatech luminometer as described [9]. 
Cell extracts were also analyzed for 0-gaIactosi- 
dase activity as described previously [5]. 

Preparation of cell extracts 

CV-I cells were infected with Ad/MLUC7 [9], 
a recombinant adenovirus expressing the hGR 
cDNA, in the presence of d)309 helper virus (5 
PFU/cell) by incubating cells and viruses in 
DMEM with 10% FBS (DMEM/FBS) at 37 C. 
After a 30 min adsorption, the mixture was 
diluted 10-fold with DMEM/FBS and plated in 
15 cm culture dishes. At the end of an 18 h 



incubation at 37°C, cells were detached and 
washed with PBS by centrifugation at 700* for 
5 min. All further procedures were carried out 
at 4°C. Cells were homogenized in 2 vol of 
homogenization buffer in a Teflon homogenizer 
with a motor-driven pestle at 1250 rpm. The 
homogenate was clarified by centrifugation at 
1000 £ for 15 min. A soluble cytosol fraction 
was generated by centrifuging this supernatant 
fraction at 1 04,000 # for I h. The protein con- 
centration of the cytosol fraction was deter- 
mined by dye binding [10], using bovine 
y -globulin as standard. Cytosol fractions were 
used immediately or stored at — 70°C. 

Competitive binding assay 

Aliquots of cytosol (100 pg protein) were 
incubated at 4°C with 2.5 nM tritiated dexa- 
methasone in the presence of incremental con- 
centrations (0-2.5 x 10 _5 M) of unlabeled 
dexamethasone or unlabeled cold competitor 
test compounds. After a 24 h incubation period 
at 4°C, unbound steroid was removed by ad- 
dition of 2 vol of 7.5% dextran-coated charcoal 
in gelatin-phosphate buffer. The mixture was 
incubated for 10 min at 4°C and centrifuged at 
3000 £ for 10 min. The radioactivity in the 
supernatant fluid was determined by liquid scin- 
tillation counting. The non-specific binding was 
determined in the presence of unlabeled dexa- 
methasone (10~ 5 M). All determinations were 
performed in duplicate. 

Co-transfection assay 

Co-transfections were performed essentially 
as described [5]. Sub-confluent CV-I cells were 
passed at 3 day intervals to maintain good 
transfection efficiency. CV-1 cells were plated 
24 h prior to transfection at 70% confluency. 
The recombinant DNA constructs were transi- 
ently transfected into CV-J cells by calcium- 
phosphate co-precipitation [8]. Each plasmid 
preparation used for transfection was cesium 
banded twice prior to use. Following transfec- 
tion, all subsequent steps were performed on 
the Biomek Beckman Automated Workstation. 
Medium was removed from transfected cells 
after 6 h, cells were washed and each glucocorti- 
coid was tested at seven incremental concen- 
trations in duplicate (10"' ,, -10" 5 M). After 38 h 
the cells were washed and lysed with 0.5% 
Triton-X 100 and assayed for luciferase and 
//-galactosidase activities, using a luminometer 
(Dynatech) and ELISA piste reader. The EC 50 
(concentration giving 50% of maximal observed 
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f^Bcacy) was determined graphically for each 
|pbpound. 

RESULTS 

For each compound tested, a full concen- 
tration-response curve was determined in the 
co-transfection assay, using the hGR cDNA 
and an MMTV-LUC reporter in CV-1 cells as 
described (Experimental). Representative data 
are shown in Fig. 1(A). In this assay, in the 
absence of added compound, the basal LUC 
activity is essentially undetectable ( < 1 relative 
light unit, RLU). After exposure to fully effica- 
cious glucocorticoids, e.g. dexamethasone, 
greater than 600 RLUs are obtained. If a con- 
trol plasmid is substituted for that containing 
the hGR cDNA, fully efficacious concentrations 
of analogues give fewer than 5 RLUs (data not 
shown). Testing of the solvent at concentrations 
used to dissolve test substances had no effect on 
LUC activity (data not shown). When hGR is 
introduced, the concentration-response curve 
saturates, giving the maximal response above 
fully active concentrations. The transition from 
no measurable response to full response occurs 
over approximately two logs of concentration. 
Most active analogues give approximately full 
efficacy, although the partial efficacy displayed 

Normalized Response 
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by fluocinolone [approx. 40%, Fig. 1(A)] was 
reproducible; fluocinolone produces no transac- 
tivation of MMTV-LUC in CV-1 in the absence 
of introduced hOR cDNA (data not shown). 
For each analogue, an EC* was determined 
graphically as the concentration giving 50% of 
maximal effect for that compound. The EC50 
data are compiled in Table I; both the absolute 
EC50 (M) and a value normalized to that of 
hydrocortisone are given. Fluocinolone is the 
most potent compound (EC^ = 150 pM), being 
about 200-fold more potent than hydrocorti- 
sone. The least potent compound tested with 
detectable activity was progesterone (ECjo^ 
2.5 /iM), almost 80-fold less potent than hydro- 
cortisone. 

Extracts of CV-1 cells infected with aden- 
ovirus engineered to encode the hGR cDNA 
were prepared as described (Experimental) and 
used to analyze the ability of the various ster- 
oids to displace 2.5 nM ( 3 H]dexamethasone. 
Representative data are shown in Fig. 1(B). 
Non-specific binding was < 2% of specific 
binding under these assay conditions [9). The 
maximal binding was > 20-fold for extracts of 
cells infected with Ad/MLUC7 compared to 
mock-infected cell extracts [9]. For compounds 
capable of competing with [ 3 H]dexamethasone, 
including fluocinolone, >95% of the specific 
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Fig. I Concentration dependence of transactivation and radioligand displacement by *^#™™ r - 
.icoid analogues. Representative in vi.ro data are shown for several of the glucort.co.d analogues tested 




U'^rorcom^Wnding (ordinate, as a function of added 
unlabeled competitor compound (abscissa). 
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Tabic I. Tramactivation and binding of glucocorticoid at 



to bOR 



Compound 



Dexaraethatone 

Fluocinofone 

Betamethasone 

Triamcinolone 

6a -Methyl prednisolone 

Fludrocortisone 

Prednisolone 

Hydrocortisone 

Corticosterone 

Aldosterone 

21-Deoxycortisol 

I I -Deoxycorticosterone 

I I Deoxycortisol 
Progesterone 
Prednisone 
Cortisone 
Testosterone 

Di hydro testosterone 
Estriol 

Teira hydrocortisone 

Tct ra h yd rocortisol 

Tel ra h yd rocorticosterone 

18-Hydroxydeoxycorticosterone 

1 8-H yd rox ycorticosterone 



Co- transection 


Binding. 


EC* 


Normalized 




, Hormalized 


I.2E-09 




5.8E-09 


0,12 


i <p in 


0.00 


I.5E-09 


0.03 


a i p in 


0.03 


7.0E-09 


0.14 


5.3E-09 


0.17 


4.0E-08 


0.80 


I.3E-08 


041 


9.0E-09 


0.18 


1 4E-0K 


0.44 


I.3E-08 


0.26 


2.7E-08 


084 


I.6E-08 


0.32 


3.2E-08 


1.00 


5.0E-08 


1.00 


4 7E-08 


1.47 


I.0E-O7 


2.00 


7.5F.-08 


2.34 


7.2E-07 


14.40 


2.5E 07 


7.81 


I.2E-07 


2.40 


5.9E-07 


18.44 


5.0E-0S 


1. 00 


7.6E-07 


23.75 


I.5E-07 


3.00 


2.5E06 


78.13 


5.0E-08 


1.00 


> l.OE-05 




2.0E-06 


40.00 


> l .OE-05 




3.8E-06 


76.00 


> l.OE-05 




5.5E-06 


110.00 






l.OE-05 


200.00 


> l.OE-05 




> 1 OE-05 




> l .OE-05 




> l .OE-05 




> l.OE-05 




> l.OE-05 




> l.OE-05 
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> l.OE-05 
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Note: normalization to hydrocortisone. 



binding was displaced over approximately a 
two log concentration range. Representative 
data are shown in Fig. 1(B). Table I gives 
graphically determined concentrations required 
to inhibit 50% of specific binding of 2.5 nM 
[ 3 H]dexamethasone (IC50), both as absolute val- 



ues (M) and normalized to the IC M of hydrocor- 
tisone. IC50 values range over three logs, with 
fluocinolone the most potent compound and 
testosterone the least. 

A comparison of normalized potency in the 
co-transfection assay and in the competitive 
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Fig. 2. Comparison or steroid binding and transaclivation. Relative binding potency (ordinate) vs relative 
transactivalion potency (abscissa). Competitive binding potency was determined for each analogue by 
measuring IC M . i.e. the concentration required to inhibit by 50% specific binding of 2.5 nM 
I'Hldexamethasone to extracts of CV-l cells over-expressing hGR cDNA as described (Experimental). 
Relative binding potency was derived by normalizing these data to the \C K of hydrocortisone. 
Transactivalion potency was measured for each analogue in the co- trans fee lion assay using hGR cDNA 
in CV-l cells as described (Experimental). Data are expressed as EC W , normalized to the EC» of 

hydrocortisone. 
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binding assay for the various analogues 
(Fig. 2) reveals an excellent correlation between 
these two parameters. A notable exception to 
this correlation is progesterone, which is 
equipotent with hydrocortisone in displacing 
[ 3 H]dexamethasone, but about 80-fold weaker 
as a functional agonist of the hGR in the 
co-transfection assay. 

Comparison of the biological potencies of the 
various steroids analyzed in the co-transfection 
assay in vitro compared to reported values of 
their in vivo anti-inflammatory potency ((11] 
based on dose in milligrams necessary for equal 
efficacy) is presented graphically in Fig. 3. Very 
good agreement is noted for all compounds, 
with the exception of prednisone and cortisone, 
which are much more potent in vivo than they 
are in the in vitro co-transfection assay in CV-I 
cells. 

DISCUSSION 

The comparison of binding potency and 
transactivation agonist activity in vitro (Table I 
and Fig. 2) shows good correlation between the 
two for most of the 21 compounds examined. 
The partial agonist activity observed with fluo- 
cinolonc (Fig. I) does not appear to result 
from interaction of the compound with a 



subset of the introduced hGR, since fluo- 
cinolone gives no agonist activity in CV-I cells 
in the absence of transfected hGR cDNA 
and is capable of displacing 100% of the 
specifically bound pHJdexamethasone from 
hGR-expressing CV-l cell extracts. It is possible 
that the conformation of the fluocinolone-hGR 
complex is less effective than full agonists at 
interacting with other components of the tran- 
scriptional apparatus in CV-l cells. 

The present study underscores the feasibility 
of using the "cis-trans" assay for quantitative 
evaluation of potential hGR agonist. There are 
several significant theoretical advantages of the 
"cis-trans" assay over conventional radioli- 
gand binding assays. The most significant is that 
the assay determines not only whether a com- 
pound interacts with hGR but also the func- 
tional consequences of that interaction on gene 
expression, allowing the prediction of agonist 
and antagonist pharmacological effects. The 
assay, using hGR, can be expected to be less 
susceptible to potential species-related artifacts 
and inaccurate predictions than small-animal- 
based pharmacological studies. Finally, in 
screening for novel pharmacophores which 
might act as agonists or antagonists of the 
hGR, the "cis-trans" assay can detect any 
small molecules with Tunctional consequences. 
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whether or not they interact with the receptor in 
the natural hormone binding site. Competitive 
radioligand displacement assays can only detect 
such compounds if their binding results in 
allosteric effects on the ligand site. 

The agreement between the relative potencies 
of the 21 analogues as activators of hGR-depcn- 
dent transcription and as competitors with 
dexamelhasone binding was remarkably close 
(Tabic 1 and Fig. 2). There were a few com- 
pounds which showed greater ability to displace 
dexamelhasone binding than ability to transac- 
tivate M MTV-LUC in CV-1 cells. Progesterone 
was equipotent with hydrocortisone in binding, 
but 80-fold less potent in transact! vation. These 
data suggest that progesterone binds to the 
hGR but doesn't lead to the allosteric changes 
in hGR conformation necessary for transactiva- 
tion. This failure could be at the level of 
dissociation of hGR and heat shock protein or 
at the level of interaction with the GRE. 
The data suggest that progesterone might 
antagonize glucocorticoid activation of the 
hGR. 

In the case of the compounds for which 
estimates of in vivo anti-inflammatory potency 
were available, there was remarkably good 
correlation with the in vitro results in the 
"cis-trans" assay. (Fig. 3). This reflects the 
extent to which the model cell system mirrors 
systemic sites of in vivo action. Two notable 
exceptions to this were prednisone and corti- 
sone, both of which had low activity in the CV-l 
cell assay. Formally, this could reflect either 
catabolism to inactive derivatives by CV-l cells 
or the absence of necessary metabolic activation 
in vitro. The inactive compounds both have 
carbonyl functions at position II. In the 
"cis-traas" assay, their 1 1-hydroxylated ana- 
logues, prednisolone and corticosterone, were 
about two logs more potent. Prednisone and 
cortisone were also relatively ineffective in 
displacing [ 3 H]dexamethasone from hGR- 
containing extracts at 4°C in vitro, arguing 
against catabolism as the explanation of their 
lack of potency in the "cis-trans" assay. Pred- 
nisone and cortisone are known to require 
hepatic metabolic activation to prednisolone 
and corticosterone for in vivo activity [1 1]. This 
activating metabolic conversion apparently 
docs not occur in CV-l cells in vitro. With the 



exception of these compounds requiring 
metabolic activation, the "cis-trans" assay J| 
surprisingly predictive of in vivo potency. 

In the present study, close correlation wasg 
found in most cases between the relative potent* 
cies of the 21 compounds in functional agonist *| 
activity in vitro and in radioligand displacement. 
Furthermore, there was excellent correlation 
between in vitro data and reported in vivo anti- 
inflammatory data for these compounds. Intro- 
duction by infection or co-transfection of hGR 
cDNA and a suitable reporter into a receptor- 
deficient mammalian cell establishes a hormone- 
inducible transcription system which be utilized 
to quantitate the pharmacological efficacy and 
potency of potential ligands for the human 
glucocorticoid receptor. 
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Transdermal Dihydrotestosterone Treatment of 

'Andropause' 

Bruno de Lignieres 



Male ageing coincides on average with progressive impairment of testicular function. 
The most striking plasma changes are an increase in sex hormone binding globulin 
(SHBG) and a decrease in non SHBG-bound testosterone, which Is the only testoster- 
one subfraction effectively bioavailable for target tissues. In healthy subjects the 
bioavailable testosterone declines by approximately 1% per year between 40 and 70 
years but a more pronounced decline has been observed in non-healthy groups, 
especially in high cardiovascular risks groups. Relative androgen deficiency Is likely to 
have unfavourable consequences on muscle, adipose tissue, bone, haematopoiesis, 
fibrinolysis, Insulin sensitivity, central nervous system, mood and sexual function and 
might be treated by an appropriate androgen supplementation. The potential risk for 
prostate has been the main reason for limiting indications of such treatment. 
Testosterone (T) and dihydrotestosterone (DHT) are two potent androgens which have 
opposite effects regarding aromatase activity, an enzyme present in prostate stroma 
and suspected to have a pathogenic influence through local ©estradiol synthesis. T is 
the main substrate for aromatase and oestradiol synthesis while DHT Is not 
aromatizable and, at sufficient concentration, decreases T and oestradiol levels. A 1.8 
years survey of 37 men aged 55-70 years treated with dally percutaneous DHT treat- 
ment suggested that high plasma levels of DHT (> 8.5 nmol/l) effectively Induced clini- 
cal benefits while slightly but significantly reducing prostate size. Early stages of 
prostate hypertrophy require synergic stimulation by both DHT and oestradiol, and 
suppressing oestradiol instead of DHT seems easier and better adapted to the specific 
situation of aged hypogonadic men. Since the little Information we have related to 
vascular risks also suggests that aromatase activity and oestradiol induce unfavour- 
able effects, DHT may be considered an attractive alternative for long-term treatment 
of andropause. 

Key words: male aging; secondary hypogonadism; dihydrotestosterone, prostate; 
aromatase. 

(Annals of Medicine 25: 235-241, 1993). 



Introduction 

Most investigators agree that male ageing coincides, on 
average, with progressive impairment of testicular func- 
tion (1). Even if this phenomenon Is not as consistent, 
abrupt and precisely age-related as menopause, the 
term 'andropause' is a close description of secondary 
gonadal insufficiency found in aged males. Vascular 
perfusion and Leydig cell numbers of testicular tissue 
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tend to decrease with age together with the ability to 
respond to LH stimulation and to produce physiological 
amounts of androgens. High amplitude LH pulses are 
also reduced in correlation with \ decreased LH^RH 
release in aged men (2). 

Since the sex hormone binding globulin (SHBG), the 
main protein carrier of androgens in plasma, significantly 
increases with age, total plasma testosterone levels 
show only limited decrease. However, significantly less 
unbound testosterone, the only form effectively bioavail- 
able for target tissue, circulates in the plasma, resulting 
in less actual androgenic stimulation (3-5). 

There is great interindividual variability in the magni- 
tude of testicular function impairment and the decline in 
plasma androgens with age. In a group of healthy men, 
excluding drinkers, those with obesity, and those with 
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any known chronic illness or using any prescribed medi- 
cation, the bioavailable testosterone (not bound to 
SHBG) is reported to decline by approximately 1% per 
year, then to drop nearly 30% between 40 and 70 years 
(3). However, a more pronounced age-related decline, in 
comparison with healthy subjects, has been observed in 
an unselected population (2) and related to specific 
characteristics such as overweight (6), abdominal 
obesity (7), insulin resistance (8), low HDL-cholesterol 
levels (9), low apoprotein A 1 levels (10), low fibrinolytic 
activity (1 1 ), high coronary artery stenosis score (1 2), low 
bone density (13), high incidence of any stressful events 
including any unspecific illness (14), as well as depres- 
sive mood, low incidence of nocturnal, penile tumes- 
cence (15) and reduced sexual activity (16). Plasma 
levels of oestradiol and dihydrotestosterone, two steroids 
resulting mainly from peripheral metabolization of 
testosterone, did not change significantly with age in a 
careful selection of healthy men (3). Strong binding of 
these two steroids to SHBG makes their plasma values 
difficult to interpret (17). Urinary excretion of 5a-reduced 
metabolites is clearly reduced, suggesting a relative 
defect in 5a-reductase (18). The most significant altera- 
tion of testosterone metabolism has been described in 
unselected population or in specific subgroups (3). An 
increased testosterone aromatization to oestradiol, in 
coincidence with a decreased reduction to dihydro- 
testosterone and then androstanediol, has been reported 
in obese subjects or in subjects exposed to various 
cardiovascular risks (12, 19-23). This situation is likely to 
reflect an impaired metabolization of androgens by 
target tissue with age which may worsen the con- 
sequences of the deficient bioavailable testosterone 
levels. 

Therefore, age-related impairments in androgenic 
stimulation seem more pronounced In non-healthy 
groups, specifically in high cardiovascular risk groups, 
than in ideally healthy subjects. Since a statistically 
normal population of aged men Includes high percent- 
ages of several non-healthy groups, there is increasing 
interest in androgen substitution (2). Androgens are the 
main anabolic hormones, and a chronic decrease in their 
bioavailability, contrasting with the sustained catabolic 
efficacy of Cortisol (3), is likely to have a deleterious 
effect on muscle and bone. Androgens are also expected 
to have favourable consequences on bone marrow 
and haematopoiesis, the central nervous system and 
mood, and on sexual function (15, 24). However, both 
experimental studies and previous human experience 
suggest that the efficacy/safety ratio concerning the 
cardiovascular system and prostate may vary greatly 
according to the molecule, dose and method of adminis- 
tration of an androgenic treatment. 



Androgen Formulations 

More pharmacokinetic variability and metabolic side- 
effects than benefits are expected from the liver firsj 
pass effect of androgens, so parenteral administration is 
preferable to oral formulation for long-term replacement 



(1). Since the most popular testosterone ester formula- 
tions injected at 3-4 week intervals result in huge intra- 
and interindividual variability in testosterone plasma 
values, alternative methods that produce constant 
androgen levels would be welcome (1). They would be 
easier to monitor on clinical or plasma value end-points 
and would reproduce a more consistent physiological 
androgenic stimulation. A gel formulation delivering 
androgen through the skin, once a day, has been avail- 
able in several European countries since 1980 (25). 
Either testosterone (T) or dihydrotestosterone (DHT), the 
two main natural androgens, can be delivered by such a 
percutaneous formulation with similar clinical benefits in 
the short term (26, 27). Significant improvements in 
mood and sexual function can be elicited in hypogonadic 
men by increasing plasma levels of either testosterone 
or dihydrotestosterone. However, side-effects on the 
cardiovascular system and prostate differ according to 
the steroid administered, since T and DHT have different 
metabolisms in the target tissues. When T is adminis- 
tered to a hypogonadic man, a substantial amount of the 
androgen is aromatized to oestrogen, and oestradiol 
plasma values increase significantly from an average of 
70% after cutaneous application (27) to more than 100% 
after intramuscular injection (28), reaching female follicu- 
lar phase levels in many users. In contrast, when the 
non-aromatizable DHT is administered, mean DHT 
plasma values increase to 12-31 nmol/l according to the 
dose while testosterone levels decrease to less than 5 
nmol/l, reversing the usual testosterone/dihydrotesto- 
sterone levels and, as a consequence, circulating levels 
of ©estrogens tend to decrease (27, 29). Therefore, In 
comparison with T treatment which, besides androgenic 
stimulation, provides more circulating oestradiol and 
more substrate for intra-tissular synthesis of oestrogens, 
DHT treatment reduces circulating oestradiol and drasti- 
cally reduces the androgenic substrate for aromatase 
activity, which may influence pathogenesis in some 
specific tissues such as the prostate and cardiovascular 
system. 



Testosterone, Dihydrotestosterone and 
Cardiovascular Risks 

Most studies report relatively low testosterone levels 
according to age, associated with several cardiovascular 
risks such as abdominal obesity, insulin resistance, low 
HDL cholesterol levels, low apoprotein Al, low fibrino- 
lytic activity and severe coronary artery stenosis (6-1 2). 
Treatment with parenteral administration of normal 
doses of either T or DHT to healthy aged men induced 
similar limited changes in circulating lipids with a 
tendency to lower total levels of cholesterol, triglycerides 
and LDL cholesterol, but also of apolipoprotein Al and 
HDL-cholesterol (27-29). Such complex plasma lipid 
changes, when induced by exogenous sex steroids, are 
now known to be poor predictors of atherosclerosis or 
cardiovascular risks. In contrast to the well known con- 
sequences of HDL cholesterol variations inversely 
related to triglycerides, the exact consequences of 
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parallel changes in HDL cholesterol and triglycerides 
remain speculative (30). For example, a dramatic reduc- 
tion of both HDL cholesterol and triglyceride plasma 
levels may not induce atherosclerosis progression in 
females treated by androgenic, progestins (31), but high 
oestrogen may increase cardiovascular risks in men 
despite their ability to increase both HDL cholesterol and 
triglyceride levels (32-35). Therefore, no clear conclu- 
sion can be drawn from the analysis of circulating lipo- 
proteins In isolation, and we still lack experimental 
evaluation of atherosclerosis plaques in males with or 
without androgen treatments. 

Parenteral administration of T tends to reduce body 
fat and increase lean body mass (36, 37). While huge 
doses may reduce insulin sensitivity (38), normal doses 
improve insulin sensitivity in middle-aged abdominally 
obese men (36). Similar human studies with appropriate 
doses of DHT are lacking, but experimental studies show 
that the muscle is sensitive to DHT as well as T (39), and 
that fat tissue is also reduced by DHT (40). Anabolic 
steroids, T and DHT treatments at normal doses 
increase fibrinolytic activity (41-43). Experimental 
studies show that very high T arid DHT concentrations 
(10-100 times relative human doses) may increase 
platelet aggregation (44-46). In contrast to the recent 
information accumulated on various effects of physio- 
logical concentrations of oestradiol in females (47), little 
is known about any potential direct effects of normal 
doses of T and DHT on arterial wall metabolism and 
vasomotion in males. One study has ascribed significant 
reduction in exercise-induced electrocardiographic 
abnormalities in men, by parenteral administration of 
normal doses of T (48) which may be explained by 
coronary relaxation. Experimental studies in male rats 
also suggest that very high concentrations of testoste- 
rone may induce alterations of fibrous proteins, elastin 
and collagen content of the arterial wall (49). 

A relative increase in oestradiol plasma levels does 
not seem favourable for men during acute myocardial 
infarct (50) and seems to be associated with more 
severe coronary stenosis (12, 21, 22), decreased 
apoprotein Al/B ratio and HDL cholesterol, increased 
triglycerides (12, 22), and higher incidence of overweight 
and tobacco consumption (19, 23). Massive administra- 
tion of oestrogen in men dramatically increased the 
Incidence of vascular accidents (32-35) despite appar- 
ently favourable changes in HDL and LDL cholesterol. 
This increase in risk seems to be related mainly to 
oestrogen-induced changes in both coagulation and 
fibrinolytic factors (35). On the other hand, nothing is 
known about the potential cardiovascular benefits of any 
drug-induced decrease in plasma and tissue oestradiol 
levels in men. 

To summarize, men with moderate age-related hypo- 
gonadism seem to be at a higher risk of cardiovascular 
accidents than eugonadic men of the same age. Paren- 
teral administration of either T or DHT in moderate 
doses, increasing plasma values to a mean of less than 
1 0 ng/ml, did not induce significant clinical or metabolic 
side-effects in normal men (25-29, 36, 51 ). 

According to recent investigations of the effect of 
oestrogen on atherosclerosis processes and coronary 



ischaemia in females, it is obvious that prediction of 
vascular risks related to sex hormones cannot be 
adequately supported by isolated evaluation of plasma 
lipoproteins, combining apparent benefits (tendency to 
lower total and LDL cholesterol and to lower triglycer- 
ides) with apparent side-effects (tendency to lower HDL 
cholesterol and apoprotein Al). The few studies focusing 
on haemostatic factors conclude consistently that the 
effects of treatments by either T or DHT are beneficial. 
The existing literature does not support any significant 
Increase in vascular risk in mid-term users of current 
doses of parenteral T or DHT. On the contrary, these 
treatments are likely to improve lean body mass, insulin 
sensitivity and fibrinolysis in men with impaired testicular 
function (36, 43). Very high doses are suspected of 
impairing insulin sensitivity, increasing platelet aggrega- 
tion, thrombogenic risks and fibrous protein content of 
arterial wall, so the classical 3-4 weeks' injection 
schedule inducing very large plasma T peaks and 
valleys may be less than optimal for vascular protection 
and may not represent a convenient model of hormone 
replacement. A shorter cycle of injections with lower T 
doses (28) or daily cutaneous applications (25-27) are 
preferable for metabolic studies. Since a further increase 
in plasma and tissue estradiol concentration can hardly 
be considered beneficial in aged men with vascular risks, 
DHT may be an alternative long-term treatment for such 
patients. 



Testosterone, Dihydrotestosterone and 
Prostate Risks 

Prostate cancer and benign prostatic hypertrophy (BPH) 
are partly androgen-dependent diseases with a striking 
increase in incidence in aged men, so they are the major 
areas of concern for men receiving any kind of androgen 
for 'andropause' treatment (1). At least some degree of 
BPH, in comparison with normal young adults, becomes 
almost statistically normal in untreated men of 60 years 
or older (52) and it is crucial to understand whether 
androgenic treatment brings any risk of benefit to this 
situation. The first period of prostate growth is clearly 
related to puberty and testicular secretion of androgen, 
but the hormonal influences on the second period of 
prostate growth after 50 years are far from being 
precisely identified. 

A second burst in testicular androgen secretion is 
clearly excluded; on the contrary, plasma levels of bio- 
available androgens tend to decrease after 50 years. 
DHT accumulation within the prostate tissue has been 
proposed as a plausible explanation <53) but was rapidly 
ruled out by most recent studies comparing prostate 
tissues with or without BPH from similar origins (54-55). 
Normal or even low levels of T or DHT in plasma and 
prostate tissues seem compatible with BPH, and limited 
regression in prostate volume is described only when an 
almost complete suppression, far below physiological 
levels of circulating T (56, 57) or tissue DHT (58, 59) is 
achieved by several pharmacological agents. More than 
80% decline in DHT prostate tissue concentration by 
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5a-reductase inhibitor induced a mean decrease of only 
18% in prostate size (58, 59), and suppression of plasma 
testosterone levels to a mean of 0.3 nmol/l (50 times 
lower than physiological levels) is required to induce a 
30-40% regression in prostate size (56, 57). These 
results do not support the concept that any spontaneous 
increase in T or DHT stimulation of stromal or epithelial 
prostatic cells may be an actual primum movens for 
BPH in aged man. Neither do they provide useful infor- 
mation about the risks and benefits for the prostate of a 
moderate compensatory increase in androgen stimula- 
tion in aged men. 

Since no detectable supra-physiological increase in T 
and DHT stimulation of prostate can explain BPH, 
several other explanations have been proposed. One of 
them considers the age-related changing balance 
between oestrogens and androgens (60-63). Experiment 
studies consistently show the inability of androgens non- 
aromatizable to oestrogens to Induce the early stage of 
prostate hypertrophy (64, 65). Aromatizable androgens 
such as T and androstenedione may induce hyperplastic 
changes in the prostate of monkeys but these effects are 
reversed by addition of an aromatase inhibitor (66). 

In the same way, treatment with non-aromatizable 
DHT of male LW. rats susceptible to cancer of the 
prostate has not induced gross or microscopic prostate 
hypertrophy nor prostate cancer after 14 months of 
exposure in any animals. By contrast, rats treated with 
similar doses of testosterone showed an increased 
incidence of benign hypertrophy in the stroma; adeno- 
carcinoma were also Identified in 24% of treated animals 
with additional in-situ tumours in 16%. Among the 
untreated control group an intermediate situation was 
observed, with some cases of benign hypertrophy and 
some in situ neoplasms but no invasive adenocarcinoma 
(65). Such an experimental study suggests that in 
animals with high prostate disease risk, T and DHT have 
quite different effects, long-term aromatizable T 
exposure increasing incidence of both benign and malig- 
nant prostate diseases, while exposure to non-aromatiz- 
able DHT decreases both risks. A short-term study with 
an aromatase inhibitor in men with BPH has reported a 
26% reduction in mean prostate size (67), supporting the 
concept of at least some oestrogen dependence in 
humans. 

There is a good rational basis for such an oestrogen 
effect on the prostate, ©estradiol receptors have been 
identified in normal human prostate or in early stage of 
BPH, with higher concentrations in stromal than In 
epithelial cells (68). Aromatase activity, which locally 
synthesizes oestrogens from substrates like testosterone 
or androstenedione, has been identified in the stromal 
part of the prostate (69). Moderate concentrations of 
oestrogens in the presence of androgens stimulate 
specifically stromal growth in the short term (70), but in 
the mid and long term stromal cells influence epithelial 
growth through paracrine effects (71-73) while 
androgens, specifically DHT, influence primarily epithelial 
growth and maintain a physiological balance between 
stroma and the epithelium (70). It is not only aromatase 
activity which tends to increase with age (74), some 
experimental studies also suggest a slight tendency for 



less sensitivity of prostate cells to DHT with age with, on 
the other hand, more sensitivity to oestradioi (70). 
Following this theory a progressive imbalance between 
oestradioi and DHT may appear in the prostate tissue of 
aged men. Oestradioi stimulation may show a relative 
increase following the rise jh oestrogen plasma levels, 
tissue aromatization of testosterone, and potential recep- 
tivity of stromal cells due to autocrine/paracrine 
changes. Firstly, stroma will proliferate, creating growing 
nodules which will influence, secondly, glandular 
elements through non-androgenic stimulating paracrine 
process. Thirdly, autocrine/paracrine factors will keep 
both stromal and epithelial cells under control, the most 
aggressively growing part of the tissue becoming largely 
independent of any steroid stimulation. 

To summarize, according to this pathogenic explana- 
tion, neither DHT without oestradioi nor oestradioi with- 
out DHT would overstimulate stromal or epithelial 
prostatic cells (75). The primum movens for prostate 
changes in middle-aged men is probably a progressive 
increase in oestradiol/DHT ratio within the stroma. Until 
today most hormonal manipulations have been directed 
to androgen suppression and have produced objective 
benefits only when androgen stimulation has been 
reduced to almost zero level. This situation, created 
either by oestrogens in sufficiently high doses to 
suppress gonadotrophins or by LH-RH agonists or, to a 
lesser extent, by 5a-reductase inhibitors, does not 
respond directly to the suspected pathological process 
and obviously does not respond to the need for an 
•andropause' hormonal substitution. The anti-androgenic 
treatment may suppress more normal androgen- 
dependent cells than oestrogen-stimulated cells poten- 
tially harmful in the long term. Their benefits may be 
limited in duration. On the other hand, DHT treatment 
which, unlike T, includes both androgenic and anti- 
aromatase activity, is an attractive possibility; in theory, it 
increases androgenic stimulation while preventing, or 
drastically reducing the age-related tendency to an 
increasing oestadiol/DHT ratio. Reduction of oestrogens, 
unlike reduction of androgens, has no visible side-effects 
in ageing men. 

A third theory considers the striking age-related SHBG 
rise as the best pathogenic explanation for prostate 
diseases. The SHBG excess, not carrying a high affinity 
steroid ligand, is able to bind to some membrane 
receptors Identified in prostate cells (76) and then to 
stimulate growth through an autocrine. effect. The growth 
of human carcinoma cells in vitro is stimulated by addi- 
tion of SHBG to the culture media (77). Further addition 
of T to the media does not change or enhance the SHBG 
effect. By contrast, addition of high concentrations of 
DHT decreases the stimulating effect of SHBG. Saturat- 
ing plasma SHBG by high affinity ligand such as DHT 
prevents SHBG binding to cell membrane receptor (77). 
This third theory is not inconsistent with the second one, 
because SHBG rise is likely to be related to an age- 
related Increase of aromatase activity in the liver, and 
because it also suggests potential benefit for DHT use in 
comparison with T. Finally, instability in androgen stimu- 
lation may be of pathogenic importance since inter- 
mittent androgenic stimulation of the prostate stimulates 
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more mitosis in prostate epithelium than does a constant 
stable concentration of androgen (78). This suggests that 
long-acting testosterone formulations with large oscilla- 
tions in plasma androgens may be less than optimal for 
in vivo human prostate studies. 

Very few studies have investigated prostate changes 
in ageing men during androgen supplementation. 
Thirteen men, 57-70 years old, with relatively low non- 
SHBG-bound T plasma values but normal prostate size 
(according to ultrasonographic and prostate-specific 
antigen evaluation) have been treated by T enanthate 
injections (100 mg per week) for 3 months. During such a 
short treatment period the mean prostate-specific 
antigen level has increased significantly and has 
remained elevated 3 months after stopping the treat- 
ment. This limited result suggests that T supplementation 
may create prostatic side-effects In older men (28). 

We have investigated prostate changes in 37 men, 
55-70 years old, with high SHBG plasma levels and clini- 
cal symptoms attributed to hypogonadism during a 6 
months to 5 years duration of percutaneous DHT treat- 
ment. In 27 subjects DHT plasma levels have been 
increased up to 8.5-20 nmol/l. As a consequence, 
gonadotropins have decreased, T plasma levels have 
been reduced to less than 5 nmol/l (1.7-4.8) and 
oestradiol plasma levels have dropped by 50%. In this 
group, prostate size has been significantly reduced 
according to both ultrasonographic and PSA evaluation. 
Mean prostate size was 31.09 ±16.31 g before treatment 
and 26.34112.72 (-15.4%) after a mean 1.8 year of 
DHT treatment (P - 0.01 ). 

In contrast, in 10 men with lower plasma DHT levels 
(<8.5 nmol/l), a smaller decrease in T plasma values 
(>7 nmol/l) and no change in oestradiol plasma values, 
a slight non-significant enlargement of prostate size has 
been observed. Mean prostate size was 31 .6 ±16.38 g 
before treatment and 36.15 ±16.62 g, 1.7 year later 
( + 14.4%) in this group. 

A larger cohort study comparing prostate size evolu- 
tion in DHT treated and untreated men of similar age and 
initial prostate size is presently in progress. 



Conclusion 

Ageing males may suffer from an age-related secondary 
hypogonadism related to testicular and hypothalmic 
impairment. The most striking plasma changes are an 
increase in SHBG and a decrease in non-SHBG-bound 
T, which is the only T effectively bioavailable for target 
tissues. This kind of •andropause' seems more frequent 
in non-healthy subjects, not only those with sexual dys- 
function but also those with several cardiovascular and 
bone risks. Like menopause in females, 'andropause' 
might be treated by an appropriate androgen supple- 
mentation in some specific subgroups of ageing males. 
Potential risks for the prostate are the main reasons for 
limiting the indication for and duration of androgenic 
treatments. Benign prostate hyperplasia or prostate 
adenocarcinoma may progress even with normal or 
significantly reduced androgenic stimulation in compari- 
son with young healthy adults, and only an almost com- 



plete early suppression of total androgen offers effective 
protection against prostate disease. Therefore, there is 
no realistic expectation for a prostate protective effect 
when prescribing testosterone supplementation, even at 
physiological doses. However, some drug-induced quali- 
tative changes in T metaboiization to DHT by 5 a- 
reductase or to oestradiol by aromatase may influence 
prostate tissue. Since the first hypothesis to explain the 
burst in prostate diseases incidence after 50 years has 
focused on a possible DHT accumulation in prostate tis- 
sue, 5a-reductase inhibitors have recently been pro- 
posed. However, the clinical benefits for prostate seem 
limited and they are not useful alone for any 
'andropause' treatment They have not yet been used in 
addition to a testosterone treatment. Since the DHT 
accumulation hypothesis is now denied, the potential 
responsibility of oestradiol, through an age-related 
increase aromatase activity is now under consideration 
and has been supported by several in vitro and experi- 
mental studies. DHT and T seem equally effective for 
inducing the expected benefits of mood, sexual function, 
bone and muscle. However, they have opposite effects 
regarding aromatase. T is the main substrate for synthe- 
sis of oestradiol while DHT is not aromatizable, and, at 
sufficiently active concentration, decreases T and estra- 
diol levels. BPH induction requires both DHT and oestra- 
diol, and suppressing oestradiol instead of DHT seems 
easier and better adapted to the specific situation of 
aged hypogonadic men. Preliminary human studies 
suggest that androgen supplementation is safer for the 
prostate of ageing men when they are treated by DHT 
Instead of T. Since the little information we have related 
to vascular risks also suggests that aromatase activity 
and oestradiol have unfavourable effects, DHT may be 
considered an attractive alternative for long-term treat- 
ment of andropause. 

We thank Dr Evelyne Joubert and Mrs Annie Mesme for their 
bibliographical assistance, and to Mrs Brigitte Morieult for her 
editorial help. 
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ABSTRACT 

Polycystic ovary syndrome (PCOS) is one of the most common 
endocrinopathies afTecting women of reproductive age; it is associated 
with hyperandrogenism, hyperinsulinemia, and dyslipidemia. This 
study was designed to assess the long term effects of a pure androgen 
receptor blocker, flutamide, on the lipid profile in women with PCOS 
and to examine the possible mechanisms by which androgens may 
exert their influence. Seventeen women with PCOS (10 obese and 7 
lean) were studied. All subjects received a 12-week course of oral 
flutamide (500 mg/day). The baseline and posttreatment evaluations 
included lipid profile, androgen levels, insulin sensitivity, and serum 
catecholamine determinations. The primary outcome was the change 
in the ratio of low density lipoproteins (LDL) to high density lipopro- 
teins (HDL). Treatment with flutamide was associated with a signif- 



POLYCYSTIC ovary syndrome (PCOS) is one of the most 
common endocrinopathies, affecting 5-10% of pre- 
menopausal women (1). Hyperandrogenism in women with 
PCOS is associated with metabolic aberrations of much 
greater importance than cosmetic problems such as hirsut- 
ism or acne. These aberrations include insulin resistance with 
accompanying hyperinsulinemia and dyslipidemia (2-8). To 
our knowledge, there is no definitive prospective study dem- 
onstrating that PCOS represents an independent of obesity 
risk factor for development of cardiovascular disease. How- 
ever, several retrospective and case-control studies indicated 
that, in the long term, women with a history of PCOS may 
be at increased risk for developing hypertension, noninsulin- 
dependent diabetes mellitus, atherosclerosis, coronary artery 
disease, and myocardial infarction (6, 9-11). 

Most reports suggest that the lipid profile of women with 
PCOS is characterized by elevated serum levels of choles- 
terol, low density lipoproteins (LDL), very low density li- 
poproteins (VLDL), and triglycerides, with concomitantly 
reduced concentration of high density lipoproteins (HDL) (5, 
6, 8, 12-15). These abnormalities in lipid . levels have serious 
atherogenic consequences; in particular, as observed in the 
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icant decrease in the LDIVHDL ratio by 23% (P - 0.005), in total 
cholesterol by 18% (P < 0.0001), in LDL by 13% (P = 0.002), and in 
triglycerides by 23% (P = 0.002). Flutamide treatment was also as- 
sociated with a trend toward an increase in HDL (by 14%; P = 0.14). 
The effects on lipid profile were found regardless of obesity and were 
not associated with a change in weight. Furthermore, actions of flu- 
tamide on lipid metabolism were not associated with significant 
changes in circulating adrenaline or noradrenaline, glucose metab- 
olism, or insulin sensitivity. This report has demonstrated for the first 
time that treatment with the pure antiandrogen, flutamide, may 
improve the lipid profile and that this effect may be due to direct 
inhibition of androgenic actions. (J Clin Endocrinol Metab 83: 2699- 
2705, 1998) 



Framingham study, high LDL and low HDL predict the 
development of coronary artery disease (16, 17). 

Dyslipidemia typically occurs within a cluster of several 
interrelated cardiovascular risk factors, including obesity, 
high waist to hip ratio (WHR), hyperinsulinemia, and hy- 
perandrogenism. The elucidation of cause and effect rela- 
tionships among these factors and hence the identification of 
independent risk factors are exceedingly difficult. In light of 
recent studies, it appears that although obesity is a major 
contributor to dyslipidemia in women with PCOS, some 
abnormalities of lipid profile are independent of obesity. 
Graf et al. observed that obesity was associated with a de- 
crease in HDL levels in both PCOS and control subjects (18). 
Subsequently, Robinson et ah observed that low HDL in 
women with PCOS cannot be explained solely by obesity, 
indicating, therefore, that other inherent features of PCOS 
predispose to dyslipidemia (19). 

Potential mechanisms of dyslipidemia in women with 
PCOS include hyperinsulinemia and hyperandrogenism. Al- 
ternatively, genetic variation in each of these mechanisms 
modified by environment may be occurring. The roles of 
insulin and sex hormones in the regulation of lipid metab- 
olism have been well recognized. In particular, levels of 
HDL 2 are regulated by lipoprotein lipase and hepatic lipase; 
these activities are responsive to insulin and sex steroids, 
respectively (20, 21). Ek et al. observed that women with 
PCOS had an impairment of catecholamine-induced adipo- 
cyte lipolysis due to defects such as a decreased number of 
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/3 2 -adrenoreceptors as well as postreceptor dysfunction of 
the protein kinase A or hormone-sensitive lipase (22). These 
defects in the adrenergic regulation of lipolysis may be at- 
tributable to insulin resistance and hyperinsulinemia. 

Elevation of androgens offers another plausible explana- 
tion of metabolic disturbances in insulin resistance syn- 
dromes such as PCOS (23, 24). Hyperandrogenism is asso- 
ciated with upper body obesity (expressed as WHR) 
independently of weight (25-27). Furthermore, administra- 
tion of exogenous androgen to women leads to increased 
visceral fat accumulation and decreased serum HDL (28). 
However, the mechanisms of androgen actions on lipid me- 
tabolism are still poorly understood. There is growing evi- 
dence that androgens may influence the predominant site of 
body fat deposition and muscle morphology, possibly in 
relation to alterations in splanchnic insulin metabolism and 
insulin sensitivity (29-32). It appears that androgens may 
also adversely affect lipid metabolism by direct modulation 
of lipoprotein lipase and lipolysis (33). The effects of andro- 
gens on lipid profile may be sex dependent; studies in hy- 
pogonadal men are inconsistent and indicate that androgen 
replacement may have either an adverse or a beneficial effect 
(34, 35). 

The present study was undertaken to assess the long term 
effects of a pure androgen receptor blocker, flutamide, on the 
lipid profile of women with PCOS and to examine the pos- 
sible mechanisms by which androgens may exert their in- 
fluence. To our knowledge, this is the first report demon- 
strating that flutamide exerts a beneficial effect on serum 
lipids. 

Subjects and Methods 

Subjects 

Seventeen women with PCOS (10 obese and 7 lean) were studied 
(Table 1). The diagnosis of PCOS was made in the presence of chronic 
anovulation, and hyperandrogenism was confirmed by an elevation of 
at least 2 of the following plasma androgens: total testosterone, free 
testosterone, androstenedione, and 3a-androstanediol glucuronide. Hir- 
sutism and acne were present in 9 subjects, 6 subjects had only hirsutism, 
and 2 subjects had only acne. The diagnosis of PCOS was further sub- 
stantiated by the finding of thickened stroma and multiple subcapsular 
cysts on ovarian ultrasonographic examination. 

Subjects with diabetes mellitus, adrenal disorders, hyperprolactine- 
mia, or other endocrine disorders were excluded. Congenital adrenal 
hyperplasia was ruled out by evaluation of 17-hydroxyprogesterone 
and, when appropriate, ACTH stimulation test. None of the patients had 
hypertension or overt heart disease. The subjects were not taking any 
drugs known to affect gonadal function or carbohydrate metabolism. 



TABLE 1. Profiles of obese and lean participants in the study 





Obese (n 


- ior 


Lean (n = 7) 


Age 


22.7 ± 


1.0 


22.0 ± 1.7 


Wt (kg) 6 








Pre treatment 


81.6 ± 


4.6 


55.3 ± 3.3 


Posttreatment 


81.5 ± 


4.6 


56.0 ± 3.1 


Ht (m) 


1.63 ± 


0.02 


1.62 ± 0.03 


BMI (kg/m 2 ) 


30.6 ± 


1.3 


20.9 ± 0.8 


WHR 


0.89 ± 


0.03 


0.81 ± 0.04 



Results are presented as the mean ± SEM. 

a Subjects were considered obese when their BMI was at least 25 
kg/m 2 . 

h Weight posttreatment was not significantly different from base- 
line weight. 



Body mass index (BMI) was calculated as weight (kilograms) /height 
(meters) 2 . Patients were considered lean when their BMI was below 25 
kg/m 2 and obese when their BMI was at least 25 kg/m 2 . Body fat 
distribution was assessed by measuring the WHR as described by others 
(36). 

After the completion of the baseline studies (see below), all subjects 
received a 12-week course of oral flutamide (Flucinom, Schering-Plough, 
Kenilworth, Nj) at a dose of 500 mg/day. Flutamide treatment was 
initiated on the first day of the menstrual cycle. The patients were 
advised not to change their eating habits or their activities throughout 
the study period. All participants were nonsmokers and nondrinkers; 
they received regular meals with a weigh t-mamtaining diet. The study 
was approved by the local ethics board. Informed consent was obtained 
from all patients. Throughout the study, the subjects were using barrier 
contraception. 

Study protocol 

All evaluations were conducted within 10 days from the onset of 
menstrual flow. In the absence of spontaneous menstruation, periods 
were induced by medroxyprogesterone acetate withdrawal. The base- 
line evaluations were performed as follows: blood samples were col- 
lected at 0800 h after an overnight fast to determine serum levels of 
steroids (testosterone, free testosterone, androstenedione, and 3a- 
androstanediol glucuronide), sex hormone-binding globulin (SHBG), 
and lipids (total cholesterol, triglycerides, HDL, and LDL). Glucose 
metabolism and insulin sensitivity were evaluated using an oral glucose 
tolerance test (OGTT) and hyperinsulinemic-euglycemic clamp proce- 
dure. OGTT was performed by collection of baseline blood samples 
followed by ingestion of a 75-g glucose load and subsequent blood 
sampling at 30-min intervals for 2 h to determine serum levels of insulin 
and glucose; the test was used to determine the area under the curve 
(AUC) for glucose and insulin. Insulin sensitivity was determined (5-7 
days after OGTT) by measuring glucose uptake during the hyperinsu- 
linemic euglycemic clamp procedure, as described previously (23). 
Briefly, after an overnight fast, catheters were inserted into a dorsal hand 
vein and an antecubital vein. Crystalline human insulin (Actrapid, No- 
vo-Nordisk, Athens, Greece) was infused via a Harvard pump (Harvard 
Apparatus, Millis, MA) at a rate of 287 pmol (40 mU)/m 2 'min for 180 min 
to increase the plasma insulin level to approximately 500 pmol/L (—75 
jiU/mL). Serum glucose was kept constant at the fasting level with the 
aid of bedside serum glucose determinations every 5 min and appro- 
priate adjustment of a variable infusion of 20% glucose. Serum adren- 
aline and noradrenaline were assessed at a baseline (from three pooled 
samples collected every 5 min) and at the end of the hyperinsulinemic- 
euglycemic clamp study (from pooled samples collected at 170, 175, and 
180 min). All of the above studies were repeated at the end of the 12- week 
course of flutamide. 

Analytical procedures 

Plasma glucose was determined with a Beckman glucose analyzer 
(Palo Alto, CA), using a glucose oxidase method. A solid phase ,25 I RIA 
was used for quantitative measurement of serum insulin levels as de- 
scribed by others (29). Serum samples were analyzed using commercial 
RIA kits to determine levels of total testosterone (Byk-Sangtec Diag- 
nostica, Dietzenbach, Germany) and free testosterone (Diagnostic Prod- 
ucts Corp., Los Angeles, CA). Androstenedione, dehydroepiandros- 
terone sulfate (DHEAS), and 3«-androstanediol glucuronide were 
measured using kits from Diagnostic Systems Laboratories (Webster, 
TX). For all determinations, the intra- and interassay coefficients of 
variation were 5-7% and 8-11%, respectively. Total cholesterol, trig- 
lycerides, and HDL were determined using techniques of Spectrum FPX 
(Abbott Laboratories, North Chicago, IL), whereas LDL was calculated 
by the Friedewald equation. Adrenaline and noradrenaline were deter- 
mined using kits from DDN Diagnostika (Mirpurg, Germany). 

Statistical analysis 

The values were expressed as the mean ± sem. Comparison of means 
was performed using Student's t test or ANOVA, as appropriate. Base- 
line and posttreatment levels of lipids and hormones were compared 
using repeat measures ANOVA with one grouping factor (obese vs. 
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lean). When appropriate, log transformation of variables was 
performed. 

Results 

Baseline and posttreatment levels of lipids 

Treatment with flutamide resulted in marked changes in 
the lipid profile. Comparisons of lipid levels before treatment 
(baseline) and after the 12- week course of flutamide (post- 
treatment) are presented in Table 2. The results were ana- 
lyzed using repeated measures ANOVA; this approach al- 
lows simultaneous evaluation of the effects of treatment, 
obesity, and the role of interaction between treatment and 
obesity. In the context of this study, the interaction compo- 
nent may be interpreted as a determination of whether the 
effect of treatment was altered by obesity. Flutamide treat- 
ment was associated with an average decline in cholesterol 
by 18%, in triglycerides by 23%, and in LDL by 13%. Treat- 
ment with flutamide was also associated with a trend (albeit 
not statistically significant) toward an increase in HDL by 
14%. Ultimately, the LDL /HDL ratio declined by 23%. Ef- 
fects of obesity on lipid profile were not statistically signif- 
icant; nevertheless, there was a trend among obese patients 
to have higher levels of triglycerides and LDL. Comparable 
effects of flutamide were observed in both obese and lean 
pa tients. 

The effects of a 1 2-week course of flutamide on lipid profile 
in individual patients are presented in Fig. 1. Flutamide 
treatment was associated with a decline in the cholesterol 
level in all subjects. Triglycerides decreased in 9 of 10 obese 
patients and in all 7 lean patients. LDL declined in 7 of 10 
obese patients and in 6 of 7 lean patients. HDL increased in 
6 of 10 obese patients and in 6 of 7 lean patients. 

Baseline and posttreatment endocrine profiles 

Table 3 presents comparisons of baseline and posttreat- 
ment levels of individual endocrine parameters. Treatment 
with flutamide was associated with an average decline in 
3a-androstanediol glucuronide by 21%, in androstenedione 
by 48%, and in DHEAS by 37%. Flutamide treatment had no 
significant effect on the level of total or free testosterone or 
estradiol. SHBG declined during flutamide treatment, on the 
average, by 18%. Flutamide had no demonstrable effect on 
levels of adrenaline and noradrenaline. Furthermore, flut- 

TABLE 2. Baseline and posttreatment lipid levels 



amide treatment had no significant effect on fasting glucose 
levels, glucose AUC in response to oral glucose load, fasting 
insulin, insulin AUC in response to the glucose load, and 
glucose uptake during hyperinsulinemic, euglycemic clamp 
studies. Power analysis revealed that the present study had 
sufficient power (type II error <0.2 for type I error <0.05) to 
detect a 30%' change in catecholamine levels or insulin 
sensitivity. 

Obese women had, on the average, 61% higher free tes- 
tosterone levels than lean subjects. There was no significant 
difference in the levels of 3a-androstanediol glucuronide, 
androstenedione, DHEAS, total testosterone, estradiol, or 
SHBG between obese and lean women. Furthermore, obese 
and lean subjects had comparable levels of adrenaline and 
noradrenaline. Obesity had no significant effect on fasting 
glucose and glucose AUC. However, obese women, com- 
pared to lean subjects, had higher fasting insulin (by 155%), 
higher insulin AUC (by 46%), and lower glucose uptake (by 
31%) as determined by hyperinsulinemic, euglycemic clamp 
studies. It should be noted that due to the relatively small 
number of subjects, this study had limited power to evaluate 
the effects of obesity. Patients were categorized as lean or 
obese to better assess the effects of flutamide while account- 
ing for a potentially confounding role of obesity. There was 
no significant interaction between the effects of treatment 
and obesity on any of the studied endocrine parameters. This 
observation indicates that flutamide treatment resulted in 
comparable effects in both obese and lean subjects. Flutamide 
treatment had no significant effect on the ovulatory status of 
the subjects; serum progesterone levels remained in the non- 
ovulatory range. 

Hepatic function 

Serum levels of hepatic enzymes were evaluated before 
and at the end of the treatment period (Table 4). Flutamide 
treatment was associated with modest increases in the results 
of liver function tests; however, these changes were not clin- 
ically significant. 

Discussion 

The results of this study indicate that 1) flutamide treat- 
ment is associated with a significant reduction in total 





Obese 




Lean 




P value 0 




Variable 


Baseline 


Posttreatment 


Baseline 


Posttreatment 


Effect of 


Effect of 


Interaction: 










treatment 


obesity 


treatment us. 














obesity 


Cholesterol (mmol/L) 


4.50 ± 0.38 


3.85 ± 0.33 


4.49 ± 0.35 


3.43 ± 0.08 


<0.0001 


0.64 


0.20 


Triglycerides (mmol/L) 


0.88 ± 0.19 


0.73 ± 0.14 


0.56 ± 0.08 


0.33 ± 0.03 


0.002 


0.05 


0.10 


HDL (mmol/L) 


0.92 ± 0.08 


1.03 ± 0.10 


1.00 ± 0.06 


1.14 ± 0.09 


0.14 


0.82 


0.81 


LDL (mmol/L) 


2.87 ± 0.35 


2.50 ± 0.30 


2.31 ± 0.17 


1.99 ± 0.19 


0.002 


0.27 


0.88 


LDL:HDL ratio 


3.46 ± 0.29 


2.66 ± 0.39 


2.35 ± 0.19 


1.79 ± 0.19 


0.005 


0.18 


0.78 



Results are presented as the mean ± sem. Lipid levels are presented in Systeme International units. Normal ranges are: cholesterol, less 
than 5.2 mmol/L (multiply by 38.7 to convert to milligrams per dL); triglycerides, less than 1.8 mmol/L (multiply by 88.6 to convert to milligrams 
per dL); LDL, less than 3.36 mmol/L (multiply by 38.7 to convert to milligrams per dL); HDL, more than 1 .29 mmol/L (multiply by 38.7 to convert 
to milligrams/dL). 

° Comparison of baseline and posttreatment levels determined using repeated measures ANOVA with one grouping factor (obese us. lean). 
Interaction component of statistical analysis may be interpreted as a determination of whether the effect of treatment was different among obese 
vs. lean patients. 
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FIG. 1. Effect of a 12-week treatment 
with flutamide on lipid profile in lean 
and obese women with PCOS. Each line 
joins baseline and posttreatment values 
for each individual patient. Lipid levels 
are presented in Systeme International 
units. Normal ranges are: cholesterol, 
less than 5.2 mmol/L (multiply by 38.7 
to convert to milligrams per dL); trig- 
lycerides, less than 1.8 mmol/L (multi- 
ply by 88.6 to convert to milligrams per 
dL); LDL, less than 3.36 mmol/L (mul- 
tiply by 38.7 to convert to milligrams 
per dL); and HDL, more than 1.29 
mmol/L (multiply by 38.7 to convert to 
milligrams per dL). 




Baseline 



Post-treatment 





Baseline Post-treatment 



Baseline 



Post-treatment 




Baseline 



Post-treatment 



cholesterol, LDL, and triglycerides in young women with 
PCOS; 2) these effects occur in both obese and lean sub- 
jects; 3) the greatest effects of flutamide may be found in 
those with highest baseline levels of SHBG and andro- 
stenedione; and 4) the actions of flutamide on lipid me- 
tabolism appear not to be related to changes in circulating 
adrenaline and noradrenaline levels, glucose metabolism, 
or insulin sensitivity. 

The foremost importance of the present findings is the 
potential for the development of new therapeutic strategies 
for the treatment of dyslipidemia. The effects of flutamide on 
lipid levels are consistent with a significant decline in the risk 
for development of atherosclerosis and consequent cardio- 
vascular disease. 

Most of the subjects in the present study did not have overt 
dyslipidemia. The potential therapeutic value of flutamide in 
the treatment of dyslipidemia has yet to be assessed in a 
broad population of subjects, over a longer treatment period, 
and with careful evaluation of possible adverse side-effects. 



Although significant complications due to flutamide use are 
uncommon, patients may develop elevations of liver 
transaminases; furthermore, isolated cases of cholestatic hep- 
atitis and even liver failure have been documented in elderly 
patients treated for prostatic cancer (37). Furthermore, a case 
of serious hepatotoxicity was reported in a women treated 
with flutamide for hirsutism (38). In this study, flutamide 
produced no significant side-effects. 

Flutamide is considered to be a "pure" androgen antag- 
onist, acting by competitive inhibition of androgen receptors 
(39). Therefore, its actions on lipid profile may be most likely 
attributed to direct blockage of androgenic effects. As an- 
drogens are known to promote dyslipidemia, it is reasonable 
to expect that flutamide may promote a favorable lipid status 
by inhibiting these adverse actions of androgens. This line of 
reasoning is also supported by the findings of regression 
analysis, which indicate that the greatest improvement of 
total cholesterol may be found in patients with the highest 
pretreatment levels of androstenedione. In other words, the 
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Obese Lean P value" 



Variable Baseline Posttreatment Baseline Posttreatment Effect of Effect of Interaction: 

treatment obesity treatment vs. 

obesity 



3cr-Androstanediol 


18.5 




3.1 


15.1 




3.1 


15.5 




3.5 


11.6 


± 1.9 


0.047 


0.43 


0.88 


glucuronide (nmol/L) 






























Androstenedione (nmol/L) 


18.3 




2.9 


10.4 


■±_ 


1.0 


18.3 


± 


4.9 


8.4 


± 0.9 


0.006 


0.74 


0.72 


DHEAS (jimol/L) 


11.1 




2.0 


7.1 




1.0 


10.6 




2.1 


6.4 


± 1.6 


0.02 


0.76 


0.94 


Free testosterone (pmol/L) 


16.7 




1.8 


14.8 




2.2 


10.8 




1.0 


9.3 


± 1.7 


0.36 


0.02 


0.81 


Total testosterone (nmol/L) 


3.8 




0.8 


3.6 


-t- 


0.7 


2.1 


-+- 


0.3 


2.4 


± 0.6 


0.90 


0.12 


0.62 


Estradiol (pmol/L) 


279 




44 


262 




56 


306 




52 


310 


± 97 


0.92 


0.54 


0.88 


SHBG (nmol/L) 


57.9 


± 


12 


45.2 


-± 


9 


88.0 


± 


22.4 


75.3 


± 15.5 


0.04 


0.15 


0.99 


Adrenaline, 0 min (ng/L) 


30.8 


± 


1.2 


31.0 


± 


1.3 


32.4 




3.3 


37.9 


± 9 


0.09 


0.19 


0.10 


Adrenaline, 180 min (ng/L) 


31.6 


± 


1.8 


30.6 




1.3 


32.1 




2.2 


38.5 


± 5.1 


0.15 


0.21 


0.06 


Noradrenaline, 0 min (ng/L) 


106.6 




10.7 


94.0 




8.3 


118.5 




19.2 


110.4 


± 12.5 


0.27 


0.37 


0.81 


Noradrenaline, 180 min (ng/L) 


102.3 




9.0 


97.9 




9.4 


96.0 




10.6 


99.1 


± 9.7 


0.88 


0.85 


0.40 


Fasting glucose (mmol/L) 


5.0 




0.2 


5.0 




0.2 


5.1 




0.4 


4.7 


± 0.2 


0.41 


0.59 


0.41 


Glucose: AUC'' 


14.8 


± 


0.8 


15.0 




0.8 


15.6 




0.9 


13.1 


± 1.0 


0.13 


0.59 


0.09 


Fasting insulin (mU/L) 


20.2 




3.7 


19.3 


-+- 


3.1 


7.9 




0.3 


9.4 


± 0.5 


0.76 


0.02 


0.18 


Insulin: AUC 1 


150 




13 


158 




10 


103 




19 


112 


± 14 


0.21 


0.03 


0.95 


Glucose uptake (mmol/kg*min) r 


254 




21 


271 


± 


26 


369 




42 


383 


it 39 


0.16 


0.02 


0.87 



Results are presented as the mean ± SEM. 

a Comparison of baseline and posttreatment levels determined using repeated measures ANOVA with one grouping factor (obese vs. lean). 
Interaction component of statistical analysis may be interpreted as a determination whether the effect of treatment was different among obese 
vs. lean patients. 

h The area under the curve (AUC) for glucose and insulin was determined during a 2-h oral glucose tolerance test (OGTT). 

t: Glucose uptake (moles per L) determined during euglycemic, hyperinsulinemic clamp studies represents a measure of insulin sensitivity. 

adrenaline or noradrenaline; thus, it is unlikely that flut- 
amide may have acted via modulation of metabolism of 
catecholamines. Furthermore, flutamide had no effect on 
fasting or post-OGTT insulin levels and glucose uptake dur- 
ing euglycemic clamp studies. Consequently, the effects of 
flutamide cannot be explained by the alterations in insulin 
sensitivity and its levels. Interestingly, Lovejoy et al ob- 
served that administration of exogenous androgen to women 
led to increased visceral fat accumulation and decreased 
serum HDL without a change in fasting glucose or insulin 
sensitivity (28). Thus, androgens may affect lipid metabolism 
and fat deposition by mechanisms not involving insulin. 

Actions of flutamide on lipid metabolism may not be uni- 
versal to all pure antiandrogens. Casodex, another nonste- 
roidal agent that blocks androgen receptors, had no signif- 
icant effect on total cholesterol, HDL, or LDL in men (41). In 
other studies on men, the use of cyproterone acetate, a syn- 
thetic steroid antiandrogen, resulted in adverse changes in 
the lipid profile, most notably a decrease in HDL (42, 43). 
These effects of cyproterone acetate may be due to its pro- 
gestogen ic properties. 

Although flutamide is considered a pure antiandrogen, 
there is evidence that it has other biological activities and 
may, for example, inhibit adrenal 17-20-lyase (44). This ac- 
tivity may explain our present observation that flutamide 
treatment resulted in decreases in 3a-androstanediol gluc- 
uronide, androstenedione, and DHEAS. 

The present study revealed a complex and unexpected 
interrelationship between flutamide and SHBG. Treatment 
with flutamide led to a decrease in SHBG levels in both lean 
and obese patients; furthermore, high baseline SHBG level 
has been identified as one of the predictors of a greater 
decline in the total cholesterol level. Previous reports have 
demonstrated that hepatic production of SHBG may be in- 



TABLE 4. Liver function tests before and at the end of flutamide 
treatment 



Test 



Range 



Median 



Mean ± sem 



Aspartate aminotransferase 
(normal range, 5-40 
IU/L) 
Baseline 

End of treatment 
Alanine aminotransferase 

(normal range, 5-40 

IU/L) 
Baseline 

End of treatment 
-y-GIutamyl transpeptidase 

(normal range, 10-40 

IU/L) 
Baseline 

End of treatment 
Alkaline phosphatase 

(normal range, 30-125 

IU/L) 
Baseline 

End of treatment 



8-19 
7-69 



7-46 
6-87 



4-48 
3-68 



30-67 
10-82 



13 
15 



13 
13 



45 
48 



13 ± 1 

22 ± 4 



15 ± 2 
24 ± 6 



14 ± 3 
17 ± 4 



45 ± 3 
49 ± 5 



greatest improvement may be expected in those with the 
greatest initial androgenic effect. 

Lipid metabolism may be affected by various interlinked 
and interdependent mechanisms (18, 40). Thus, androgens 
may affect lipids not only directly, but also by affecting 
obesity, catecholamines, and insulin. In this study, treatment 
with flutamide had little or no effect on weight; furthermore, 
the improvement of lipid profile was observed in both obese 
and lean patients and regardless of the WHR. Consequently, 
although obesity and high WHR are important risk factors 
for dyslipidemia, the actions of flutamide cannot be attrib- 
uted to the effects on total body fat and its distribution. 
Treatment with flutamide also had no significant effect on 
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hibited by insulin and androgens (45, 46). Yet in this study, 
flutamide had no detectable effect on insulin. Furthermore, 
antiandrogenic properties of flutamide would be expected to 
increase, rather than decrease, the SHBG level. Thus, an 
observed decline in SHBG may be due to flutamide acting via 
mechanisms independent of its antiandrogenic properties. 
Another explanation of the suppression of SHBG involves 
the possibility that some actions of androgens may be inde- 
pendent of androgen receptors and thus not be inhibited by 
flutamide. Indeed, Brown et al observed that testosterone 
may act on the liver by a mechanism independent of andro- 
gen receptors (47). In this context, it is important to note that 
although flutamide blocks androgen receptor-mediated ef- 
fects, it has no significant effect on the levels of free and total 
testosterone. Thus, it is possible that in the presence of flu- 
tamide, testosterone may maintain suppressive activity on 
hepatic SHBG production. This explanation may also apply 
to the study by Winneker et al, who found that flutamide 
failed to increase SHBG after its suppression by androgen 
treatment (48). 

The present study was limited to evaluation of a single 
dose of flutamide and did not include a placebo group. The 
dose of flutamide was selected on the basis of previous stud- 
ies demonstrating its effectiveness in the treatment of hy- 
perandrogenic conditions such as hirsutism, acne, and hair 
loss (23, 49, 50). Ideally, the effects of flutamide on lipid 
profile should be reevaluated in a placebo-controlled trial 
assessing several doses of the drug. 

In conclusion, this report has demonstrated for the first 
time that treatment with the pure antiandrogen, flutamide, 
may improve the lipid profile. The beneficial actions of flu- 
tamide appear to be independent of obesity, catecholamine 
metabolism, and insulin resistance. 
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ABSTRACT 



An assay for identifying compounds with anti androgenic 
activity employing a hamster ductus deferens cell line 
(DDT1) ATCC CRL-1701 and ATCC CRL-12051 is 
disclosed, as well as antiandrogenic compounds identified 
from this assay, particularly the nonsteroidal compound 
N-(4-chlorophenyl)-(Z,Z)-2,3-bis(cyclopropylmethylene) 
cyclopentane carboxamide of structural formula (I): 

(0 




This compound is an antiandrogen useful in the treatment 
and prevention of diseases of the prostate including 
prostatitis, benign prostatic hyperplasia (BPH) and prostatic 
carcinoma. 

4 Claims, 2 Drawing Sheets 
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TREATMENT OF PROSTATE DISEASE 
WITH A NONSTEROIDAL ANTI- 
ANDROGENIC COMPOUND 

CROSS REFERENCE TO RELATED 5 
APPLICATIONS 

The present application claims priority of provisional 
application 60/012,638, filed Mar. 1, 1996. 

SUMMARY OF THE INVENTION 10 

The present invention relates generally to a novel assay 
for identifying compounds with antiandrogenic activity as 
well as to antiandrogenic compounds identified from this 
assay. The assay employs a hamster ductus deferens cell line 15 
(DDT1) ATCC CRL-1701 and ATCC CRL-12051 that is 
highly dependent on the addition of testosterone in synthetic 
serum -free media. 

The nonsteroidal compound N-(4-chlorophenyl)-(Z,Z)-2, 
3-bis(cyclopropylmethylene)cyclopentane carboxamide of 20 
structural formula (I): 

(I). 



25 



30 



has been identified using the assay of the present invention 35 
as an antiandrogenic compound useful in the treatment and 
prevention of diseases of the prostate including prostatitis, 
benign prostatic hyperplasia (BPH) and prostatic carcinoma. 

The present invention also provides for novel composi- 
tions employing compounds which exhibit antiandrogenic 40 
activity in the assay of the present invention. The com- 
pounds which exhibit antiandrogenic activity in the assay of 
the present invention are useful in the systemic, including 
oral, and parenteral, including topical, treatment and pre- 
vention of diseases of the prostate including prostatic 45 
carcinoma, benign prostatic hyperplasia and prostatitis. 

The compounds, including N-(4-chlorophenyl)-(Z,Z)-2, 
3-bis(cyclopropylmethylene)cyclopentane carboxamide, 
identified as androgen antagonists in the assay of the present 
invention may be used in combination with other active 50 
agents, for example, a 5a-reductase inhibitor such as 
finasteride, cpristeride, 17p-N-(2,5-bis(trifluoromethyl)) 
phenylcarbamoyl-4-aza-5a-androst-l-en-3-one, or the com- 
pounds described in PCT publication WO 95/11254, or an 
al- or al a -andrenergic receptor antagonist, or combinations 55 
of such other active agents with the androgen antagonist X 
compound identified from the present assay, wherein such 
combinations would be useful in one or more of the above- 
mentioned methods of treatment or pharmaceutical compo- 
sitions. 60 

BACKGROUND OF THE INVENTION 

The DDT1 cell line has been reported to be an androgen- 
responsive cell line. Norris et al. "Androgen Receptors in a 
Syrian Hamster Ductus Deferens Tumour Cell Line/' Nature 65 
248:422^24 (1974). Syms et al., "Glucocorticoid Effects on 
Growth, and Androgen Receptor Concentrations on 



DDTjMF-2 Cell Lines", J. Steroid Biochem., 
28{2):109-116 (1987) report that the DDT r MF-2 smooth 
muscle tumor cell line contains receptors for and is differ- 
entially sensitive to androgens and glucocorticoids. They 
report that androgens stimulate growth, and glucocorticoids 
inhibit growth of the cell line. 

Harris et al., "Androgens and Glucocorticoids Modulate 
Heparin-Binding Growth Factor I mRNA Accumulation in 
DDT1 Cells as Analyzed by in situ Hybridization", Mol. 
Endo. 3(11):1839-1844 (1989), describe the ductus deferens 
smooth muscle tumor cell line (DDTj-MF-2) as steroid- 
sensitive. They report that treatment with 10 nM testosterone 
accelerated the growth of DDT1 cells in the absence of 
serum, and that glucocorticoids inhibit growth. They further 
identify the DDT r MF-2 cell line as a useful model for 
steroid responsive tumor growth in vitro. 

There has been a need for tissue culture models that 
mimic the androgen responsiveness observed in androgen 
sensitive diseases, particularly that observed in human pro- 
static carcinomas. The present invention provides for an 
assay to study compounds as potential anti-androgens in 
living cells. 

Lippman et al. in "The Effects of Androgens and Antian- 
drogens on Hormone-response Human Breast Cancer in 
Long-Term Tissue Culture" Cancer Research 30: 
4610-4618 (1976), describe the MCF-7 androgen- 
responsive cell line. Unlike the cell line of the present 
invention, the MCF-7 cell line cannot be grown in synthetic 
media. 

Similarly, Marugo et al. in "Effects of Dihydrotestoster- 
one and Hydroxyflutamide on Androgen Receptors in Cul- 
tured Human Breast Cancer Cells (EVSA-T)" J. Steroid 
Biochem. Mole. Biol. 42(5):547-554 (1992), describe 
another androgen responsive cell line. However, like the 
cells of the MCF-7 cell line, these cells cannot be grown in 
synthetic media. 

The human androgen receptor has been isolated and 
characterized. 

Tilley et al., "Characterization and Expression of a cDNA 
Encoding the Human Androgen Receptor", Proc. Nat'l. 
Acad. Sci. USA, 80:327-331 (1989) report the isolation, 
characterization and expression of the cDNA encoding the 
human androgen receptor, which predicts a protein of 917 
amino acids and a molecular weight of 98918. 

Rasmusson et al., "Therapeutic Control of Androgen 
Action", Ann. Rep. Med. Chem. 29:225-234 (1994) present 
a review of the androgen receptor, chemical antagonists of 
the androgen receptor, and means of controlling androgen 
biosynthesis. 

Compounds identified as anti-androgens by the assay of 
the present invention are especially useful in the prevention 
and treatment of prostatic carcinoma, and they may also be 
useful in the treatment and prevention of other hyperandro- 
genic diseases such as acne vulgaris, seborrhea, female 
hirsutism, androgenetic alopecia, also called androgenic 
alopecia, which includes male and female pattern baldness, 
and benign prostatic hyperplasia. 

Benign prostatic hyperplasia (BPH) and prostatic carci- 
noma are among the most common afflictions of aging men. 

Benign prostatic hyperplasia is often treated surgically 
with a procedure known as transurethral resection of the 
prostate (TURP). Other surgical procedures performed to 
release the obstruction of urine include incision or stents. 
Castration has also resulted in regression of prostatic 
enlargement. Drug therapy for BPH has included alpha-1 
blockers which treat the symptoms of the disease by alle- 
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viating obstructive symptoms, but do not affect the under- 
lying cause of the disease, the enlarged prostate gland. 
Representative alpha-1 blockers used in the treatment of 
BPH include: prazosin, terazosin, doxazosin, tamsulosin and 
alfuzosin. These drugs relax prostatic smooth muscle tone, 
decreasing intraurethral pressure without affecting bladder 
pressure. Common side effects of these agents are dizziness, 
headache and fatigue. 

Finasteride (17p-(N-tert-butylcarbamoyl)-4-aza-5a- 
androst-l-ene-3-one), which is marketed by Merck & Co., 
Inc., under the tradename PRQSCAR®, is an inhibitor of 
testosterone 5a-reductase currently marketed for the treat- 
ment of benign prostatic hyperplasia. A principal mediator 
of androgenic activity in the prostate is 
5a-dihydrotestosterone ("DHT"), formed locally in the 
prostate by the action of testosterone-5a-reductase. Inhibi- 
tors of testosterone-5a-reductase inhibit the conversion of 
testosterone (T) to DHT and serve to prevent or lessen 
symptoms of hyperandrogenic stimulation in the prostate. 
See especially U.S. Pat. No. 4,377,584 assigned to Merck & 
Co., Inc., issued Mar. 22, 1983. The utility of finasteride in 
the treatment of prostatic carcinoma is also disclosed in the 
following documents: EP 0 285,382, published 5 Oct. 1988; 
EP 0 285 383, published 5 Oct. 1988; Canadian Patent no. 
1,302,277; and Canadian Patent no. 1,302,276. 

Both prostatic carcinoma and BPH have been treated with 
antiandrogens. Nonsteroidal antiandrogens such as fluta- 
mide and Casodex compete with DHT for androgen receptor 
sites in the prostate cells. These non-steroidal antiandrogens 
do not substantially change sexual potency and libido as the 
gonadotropin releasing hormone agonists and progestogens 
do; however, these nonsteroidal antiandrogens often exhibit 
the undesirable tendency to feminize the male host 
(gynaecomastia) or initiate feed-back effects which would 
cause hyperstimulation of the testes. 

Gonadotrophin-re leasing hormone (GnRH) agonists such 
as nafarelin, buserelin, goserelin and leuprorelin all reduce 
the release of leutinizing hormone (LH) by desensitizing the 
GnRH receptors in the anterior pituitary gland. GnRH 
agonists are able to reduce the production of testosterone, 
induce shrinkage of prostate volume and reduce the severity 
of urinary symptoms of BPH. Unfortunately, these drugs 
have adverse effects such as impotence and flushing, which 
discourage a majority of patients from continuing with the 
drugs. These androgen -suppressing agents are thus of incon- 
sequential significance in BPH treatment, but are of major 
importance in the treatment of patients with advanced pro- 
static cancer. 

Progestogens, such as megestrol acetate, hydroxyproges- 
terone and medrogestone depress testosterone by inhibiting 
LH release and blocking androgen receptors, causing a 
reduction in prostatic volume. Adverse effects such as 
decreased libido and impotence have kept progestogens 
from common use in BPH treatment. 

Thus, there still remains a need for additional therapies for 
BPH and prostatic carcinoma for individuals who cannot 
tolerate the side effects and/or do not experience adequate 
relief from presently available therapies. 

There also remains a need for a compound for the 
treatment of diseases of the prostate that is a non-steroidal 
compound having different pharmacological properties from 
steroids. 

Hori et al. "WB2838 [3-Chloro-4-(2-amino-3- 
chlorophenyl)-pyrrole]: Non-steroidal androgen-receptor 
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antagonist produced by A Pseduomonas" J. Antibiotics 
46(9): 1327-1333 (1993) describe the nonsteroidal androgen 
receptor antagonist labeled WB2838: 



5 



10 




WB2838 



N 
H 



N-(4-chlorophenyl)-(Z,Z)-2,3-bis(cyclopropylmethylene) 
15 cyclopentane carboxamide is described by T. Wong "Syn- 
thesis nad Some Related Studies of Alkyl 2,3-bis 
(alkylidene)cyclopentance carboxylates", Ph.D. thesis, Uni- 
versity of British Columbia, December, 1993. No use for this 
compound is described in the thesis. 
2 0 Steroid hormones are involved in numerous aspects of 
cell growth and differentiation. In an effort to influence these 
processes chemists have developed analogs usually based on 
the four ring steroid nucleus. Nonsteroidal compounds inter- 
acting with steroid receptors are more rare and exhibit 
different pharmacological properties from their steroidal 
25 counterparts. We describe the use of androgen receptor 
binding assays and androgen-dependent DDT1 cells to iden- 
tify and characterize novel antiandrogens, of particular inter- 
est are nonsteroidal antiandrogens. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph of the results of two independent runs 
of the experiment described in Example 1. This graph shows 
the androgen dependent growth of DDTl cells. Cells were 
plated in a 96 well plate at 2,000 cells/well in DFITS+0.1% 

35 fetal calf serum. After 24 hours, the cells were washed with 
the same medium except without added serum and replaced 
with fresh serum free DFITS (day 0) with ethanol mock 
control (open squares), with 10 nM testosterone (open 
circles), with 10 /*M N-(4-chlorophenyl)-(Z,Z)-2,3-bis 

40 (cyclopropylmethylene)cyclopentane carboxamide alone 
(filled squares), or 10 juM N-(4-chlorophenyl)-(Z,Z)-2,3-bis 
(cyclopropyl-methylene)cyclopentane carboxamide in the 
presence of 10 nM testosterone (filled circles). Cell growth 
data were normalized to the greatest number of cells and 

45 error bars represent +/- one standard error of the mean 
(sem). 

FIG. 2 is a graph showing the effect of N-(4- 
chloropheny!)-(Z,Z)-2,3-bis(cyclopropyl -methylene) 
cyclopentane carboxamide on the activation of the androgen 

50 receptor in CV1 cells, as described in Example 4. The filled 
triangles represent N-(4-chlorophenyl)-(Z,Z)-2,3-bis 
(cyclopropylmethylene)cyclopentane carboxamide alone, 
the filled squares represent N-(4-chlorophenyl)-(Z,Z)-2,3- 
bis(cyclopropylmethylene)cyclopentane carboxamide plus 

55 10 nM dihydrotestosterone (DHT). 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to a method for determining 
60 the antiandrogenic action of a compound comprising: 

(a) plating DDTl cells (ATCC CRL-12051) in medium 
free from androgens; 

(b) adding a solution containing the compound to the 
plated DDTl cells; 

65 (c) measuring the growth of the DDTl cells in the 
presence of the compound over a measured period of 
time. 
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In one embodiment of the present invention, the method 
for determining the antiandrogenic action of a compound 
comprises: 

(a) plating DDT1 cells (ATCC CRL-12051) in medium 
free from androgens; 

(b) adding a solution containing the compound to the 
plated DDT1 cells; 

(c) measuring the growth of the DDT1 cells in the 
presence of the compound over a measured period of 
time and calculating a rate of growth of the DDTl cells. 

In one aspect of the present invention, the DDT1 cells are 
grown in synthetic serum-free media. The DDT1 cell line, 
also referred to as the DDT1 MF-2 cell line, was an existing 
deposit with the American Type Culture Collection ATCC 
No. CCRL-1701 which has been re-deposited with the 
American Type Culture Collection (ATCC), 12301 
Parklawn Drive, Rockville, Md. United States of America 
under the conditions of the Budapest Treaty as ATCC 
CRL-12051 on Feb. 21, 1996. The DDT1 smooth muscle 
cell line was cloned from cells derived from a leiomyosar- 
coma of the ductus deferens of a Syrian hamster 
(Mesocricetus auratus). It has maintained androgen and 
glucocorticoid receptors and alpha 1 and beta 2 adrenergic 
receptors. The beta 2 adrenergic receptor is functionally 
coupled to adenylate cyclase. Glucocorticoids regulate the 
expression of the c-sis proto-oncogene (inhibit). Growth is 
stimulated by androgens and inhibited by glucocorticoids. 

Preferably, the method of the present invention is carried 
out by comparing the rate of growth of DDT1 cells in the 
presence of the compound to the rate of growth of DDT1 
cells in the absence of the compound. In one embodiment of 
the present invention, a known volume of the solution 
containing the compound is added to the plated DDT1 cells. 
In a further illustration of the present invention, the solution 
of the compound is of a known concentration. When a 
known volume of a known concentration of the compound 
is added and the resulting rate of growth of the DDT1 cells 
is compared to the rate of growth when a "blank" solution 
is added (a volume of the solvent used to dissolve the 
compound equal to the volume of the solution containing the 
compound in the comparative run), the IC 50 of the com- 
pound may be computed. The compound may be dissolved 
in a suitable solvent such as DMSO, ethanol, water or 
methylethyl ketone (MEK)> Preferably, the compound is 
dissolved in ethanol to form an ethanol solution. In one 
aspect of the present invention, a known volume of a known 
concentration of the ethanol solution is added. In a further 
aspect of the present invention, the rate of growth of the 
DDTl cells when a known volume of a known concentration 
of the compound in an ethanol solution cells is compared to 
the rate of growth of DDT1 cells when the same volume of 
ethanol is added. 

In one embodiment of the present invention, the growth of 
the DDT1 cells is measured over the period of one hour. 

In one class of the present invention, the measurement of 
the growth of the DDT1 cells over the measured period of 
time is performed by counting the number of cells at the 
beginning and at the end of the period of time. This can be 
done by quantitating cells using a hemocytometer. 

In another class of the present invention, the measurement 
of the growth of the DDTl cells over the measured period 
of time is performed by incubating the DDTl cells with 
labeled thymidine and measuring the incorporation of the 
label as a measure of DNA synthesis. Preferably, the labeled 
thymidine is 3 H-thymidine, and the incorporation of the 
tritium label is measured by incubating cells for a period of 
time, preferably overnight, and washing extensively to 
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remove free 3 H -thymidine. Cells are then removed, prefer- 
ably using trypsin, resuspended in media and the radioac- 
tivity quantitated, preferably by scintillation counting, for 
example using a Tri-Carb 2500TR Liquid Scintillation ana- 

5 lyzer manufactured by Packard. 

In still another class of the present invention, the mea- 
surement of the growth of DDTl cells is measured by 
colorimetric analysis. In particular, the growth may be 
measured by diluting 3-(4,5-dimethyl-thiazol-2-yl)-5-(3- 

10 carboxylmethoxy phenyl)-2-(4-sulfophenyl)-2H- 
tetrazolium into the medium and adding phenazine 
methosulfate, and measuring the absorbance at 490 nm. 

In one embodiment of the present invention, the cells are 
plated in 96 well plates. In a preferred class of this embodi- 

15 ment of the invention, the assay is automated; i.e., the 
solutions are dispensed using a robotic device. 

In one embodiment of the method of the present 
invention, the tested compound is assayed to determine that 
the compound inhibits the binding of labeled dihydrotest- 

20 osterone (DHT) to the androgen receptor (AR). The andro- 
gen receptor used in the assay can be obtained from tissue 
such as prostate or liver, preferably human tissue, or cloned 
from the known sequence, see Tilley et al., Proc. Nat'I. 
Acad. Sci. USA, 80:327-331 (1989). Alternatively, the 

25 source of the human androgen receptor can be a cell line 
transfected with the human androgen receptor. Techniques 
for obtaining these transfected cell lines are well-known in 
the art and are preferred because of the uniformity of the 
receptor produced. The androgen receptor is incubated with 

30 labeled DHT, particularly 3 H-DHT, and the compound to be 
tested or unlabelled DHT is added to the incubated receptor. 
The unlabelled DHT may be run in a parallel experiment in 
order to quantitate the nonspecific binding. The affinity for 
the androgen receptor is then calculated. One method of 

35 calculating this affinity is to add an agent to remove free 
labeled DHT. This may be done by a charcoal technique by 
adding dextran-coated charcoal to the sample al 0.5 volume 
of the original assay volume, vortexing, and centrifuging at 
3,000xg for 15 minutes at 4° C. Bound labeled DHT 

40 (preferably 3 H-DHT) is in the supernatant. In a filter binding 
assay, the bound androgen receptor-labeled DHT (preferably 
AR- 3 H-DHT) complexes can be precipitated using agents 
such as ammonium sulfate, and filtered through glass fiber 
membranes. After extensive washing, bound labeled DHT 

45 (preferably 3 H-DHT) is measured. When 3 H-DHT is 
employed, the remaining label may be measured by scintil- 
lation counting of the glass fiber membranes, for example 
using a Tri-Carb 2500TR Liquid Scintillation analyzer 
manufactured by Packard. The compound may be tested for 

50 its ability to inhibit binding of DHT to the androgen receptor 
either before or after determining the antiandrogenic action 
of the compound according to the method of the present 
invention. 

The present invention presents a convenient assay for 
55 monitoring the effect of compounds in a tissue culture 
system and demonstrates that the result of such an assay is 
the discovery of a nonsteroidal compound that acts as an 
antiandrogen. 

Further, the present invention relates to a method of 
60 treating or preventing diseases of the prostate comprising 
administering 0.001 to 200 mg per day of a compound 
capable of inhibiting androgen-induced DDTl cell growth to 
a male human in need of such treatment. 

The instant invention involves a method of treating and/or 
65 preventing BPH and prostatic carcinoma which comprises 
administering to a patient in need of such treatment a 
therapeutically effective amount of a compound which 
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inhibits the testosterone induced growth of DDT1 cells. In 
one embodiment of this method, the compound which 
inhibits the testosterone-induced growth of DDT1 cells is 
administered in a dosage amount between 0.001 to 200.0 
mg/day. In one class of this embodiment, the compound 5 
which inhibits the testosterone-induced growth of DDT1 
cells is administered in a dosage amount of from 0.01 to 50.0 
mg/day, and in a sub-class of this embodiment, the com- 
pound which inhibits the testosterone -induced growth of 
DDT1 cells is administered in a dosage amount of about 0.1 
to 5.0 mg/day. Compounds which inhibit the testosterone- 
induced growth of DDT1 cells can be determined by 
employing the assay described in Example 1. 

In a second embodiment of this invention, the methods of 
treating and preventing benign prostatic hyperplasia and 
prostatic carcinoma comprise administration to a patient in 15 
need of such treatment of a compound which inhibits the 
testosterone-induced growth of DDT1 cells. Preferably, this 
compound is a non-steroidal compound. 

Preferred compounds that may be employed in the present 
invention include N-(4-chlorophenyl)-(Z,Z)-2,3-bis 20 
(cyclopropylmethylene)cyclopentane carboxamide of struc- 
tural formula (I): 




(i) 



25 



30 



35 



and pharmaceutical^ acceptable salts, esters and prodrugs 
thereof. 

The nonsteroidal compound N-(4-chlorophenyl)-(Z,Z)-2, 
3-bis(cyclopropylmethylene)cyclopentane carboxamide 
which antagonizes the action of testosterone on DDT1 cells 40 
but exhibits little or no effect on cell growth by itself. This 
compound also blocks the binding of 3 H-DHT to the human 
androgen receptor expressed in stable transfectants of CHO 
cells at doses comparable to those that antagonize testoster- 
one in DDT1 cells. This compound may thus represent a 45 
novel class of nonsteroidal antiandrogens which show prom- 
ise in the treatment of prostate cancer. 

The present invention has the objective of providing 
methods of treating and preventing diseases of the prostate 
including BPH and prostatic carcinoma by systemic, oral, 50 
parenteral or topical administration of a compound which 
inhibits the testosterone -induced growth of DDT1 cells in a 
dosage amount between 0.001 to 200.0 mg/day, and more 
particularly, from about 0.01 to 50.0 mg/day, and most 
particularly 0.1 to 5.0 mg/day. The term "treating BPH" is 55 
intended to include alleviating the obstructive symptoms of 
BPH, and slowing and/or reversing the growth of the pros- 
tate. The term "preventing BPH" is intended to include 
preventing development of obstructive symptoms, and pre- 
venting the enlargement of the prostate. The term "treating 60 
prostatic carcinoma" is intended to include slowing and/or 
stopping the growth of prostatic carcinoma. The term "pre- 
venting prostatic carcinoma" is intended to include prevent- 
ing the development of prostatic carcinoma in patients likely 
to develop prostatic carcinoma. Also, a compound which 65 
inhibits the testosterone- induced growth of DDT1 cells may 
be co-administered with a 5a-reductase 2 inhibitor, such as 



finasteride or epristeride; a 5a-reductase 1 inhibitor such as 
4,7p-dimethyl-4-aza-5a-cholestan-3-one, 3-oxo-4-aza-4, 
7P-dimethyl-16P-(4-chlorophenoxy)-5a-androstane, and 
3-oxo-4-aza-4,7p-dimethyl-16p-(phenoxy)-5a-androstane 
as disclosed in WO 93/23420 and WO 95/11254; dual 
inhibitors of 5a-reductase 1 and 5a-reductase 2 such as 
3-oxo-4-aza-17P-(2,5-trifluoromethylphenylcarbamoyl)- 
5a-androstane as disclosed in WO 95/07927; nonsteroidal 
antiandrogens such as flutamide and Casodex, and alpha-1 
blockers such as prazosin, terazosin, doxazosin, tamsulosin, 
and alfuzosin. The term "co-administered" includes concur- 
rent administration as well as separate provision of the 
identified medicaments. 

The present invention also has the objective of providing 
suitable systemic, oral, parenteral and topical pharmaceuti- 
cal formulations for use in the novel methods of treatment of 
the present invention. The compositions containing as an 
active ingredient a compound which inhibits the 
testosterone-induced growth of DDT1 cells can be admin- 
istered in a wide variety of therapeutic dosage forms in 
conventional vehicles for systemic administration. For 
example, the compounds can be administered in such oral 
dosage forms as tablets, capsules (each including timed 
release and sustained release formulations), pills, powders, 
granules, elixirs, tinctures, solutions, suspensions, syrups 
and emulsions. Likewise, they may also be administered in 
intravenous (both bolus and infusion), intraperitoneal, 
subcutaneous, topical with or without occlusion, or intra- 
muscular form, all using forms well known to those of 
ordinary skill in the pharmaceutical arts. For oral 
administration, for example, the compositions can be pro- 
vided in the form of tablets containing 0.01, 0.05, 0.1, 0.2, 
1.0, 2.0, 5.0, 10.0, 50.0 and 100.0 milligrams of the active 
ingredient for the adjustment of the dosage to the patient to 
be treated. 

The compound which inhibits the testosterone-induced 
growth of DDT1 cells may be administered in a pharma- 
ceutical composition comprising the active compound in 
combination with a pharmaceutically acceptable carrier 
adapted for topical administration. Topical pharmaceutical 
compositions may be, e.g., in the form of a solution, cream, 
ointment, gel, lotion, shampoo or aerosol formulation 
adapted for application to the skin. Topical pharmaceutical 
compositions useful in the method of treatment of the 
present invention may include about 0.001% to 0.1% of the 
active compound in admixture with a pharmaceutically 
acceptable carrier. 

Advantageously, compounds of the present invention may 
be administered in a single daily dose, or the total daily 
dosage may be administered in divided doses of two, three 
or four times daily. The compounds for the present invention 
can be administered in intranasal form via topical use of 
suitable intranasal vehicles, or via transdermal routes, using 
those forms of transdermal skin patches well known to those 
of ordinary skill in that art. To be administered in the form 
of a transdermal delivery system, the dosage administration 
will, of course, be continuous rather than intermittent 
throughout the dosage regimen. 

The dosage regimen utilizing the compounds of the 
present invention is selected in accordance with a variety of 
factors including type, species, age, weight, sex and medical 
condition of the patient; the severity of the condition to be 
treated; the route of administration; the renal and hepatic 
function of the patient; and the particular compound thereof 
employed. A physician of ordinary skill can readily deter- 
mine and prescribe the effective amount of the drug required 
to prevent, counter, arrest or reverse the progress of the 
condition. Optimal precision in achieving concentration of 
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drug within the range that yields efficacy without toxicity 
requires a regimen based on the kinetics of the drug's 
availability to target sites. This involves a consideration of 
the distribution, equilibrium, and elimination of the drug. 

In the methods of the present invention, the compound 5 
which inhibits the testosterone-induced growth of DDT1 
cells herein described in detail can form the active 
ingredient, and are typically administered in admixture with 
suitable pharmaceutical diluents, excipients or carriers 
(collectively referred to herein as "carrier" materials) suit- 10 
ably selected with respect to the intended form of 
administration, that is, oral tablets, capsules, elixirs, syrups 
and the like, and consistent with conventional pharmaceu- 
tical practices. 

For instance, for oral administration in the form of a tablet 15 
or capsule, the active drug component can be combined with 
an oral, non-toxic pharmaceutically acceptable inert carrier 
such as ethanol, glycerol, water and the like. Capsules 
containing the product of this invention can be prepared by 
mixing an active compound of the present invention with 20 
lactose and magnesium stearate, calcium stearate, starch, 
talc, or other carriers, and placing the mixture in a gelatin 
capsule. Tablets may be prepared by mixing the active 
ingredient with conventional tableting ingredients such as 
calcium phosphate, lactose, corn starch or magnesium stear- 25 
ate. Moreover, when desired or necessary, suitable binders, 
lubricants, disintegrating agents and coloring agents can also 
be incorporated into the mixture. Suitable binders include 
starch, gelatin, natural sugars such as glucose or beta- 
lactose, corn sweeteners, natural and synthetic gums such as 30 
acacia, tragacanth or sodium alginate, 
carboxymethylcellulose, polyethylene glycol, waxes and the 
like. Lubricants used in these dosage forms include sodium 
oleate, sodium stearate, magnesium stearate, sodium 
benzoate, sodium acetate, sodium chloride and the like. 35 
Disintegrators include, without limitation, starch, methyl 
cellulose, agar, bentonite, xanthan gum and the like. 

The liquid forms may be administered in suitably flavored 
suspending or dispersing agents such as the synthetic and 
natural gums, for example, tragacanth, acacia, methyl- 40 
cellulose and the like. Other dispersing agents which may be 
employed include glycerin and the like. For parenteral 
administration, sterile suspensions and solutions are desired. 
Isotonic preparations which generally contain suitable pre- 
servatives are employed when intravenous administration is 45 
desired. 

Topical preparations containing the active drug compo- 
nent can be admixed with a variety of carrier materials well 
known in the art, such as, e.g., alcohols, aloe vera gel, 
allantoin, glycerine, vitamin A and E oils, mineral oil, PPG2 50 
myristyl propionate, and the like, to form, e.g., alcoholic 
solutions, topical cleansers, cleansing creams, skin gels, skin 
lotions, and shampoos in cream or gel formulations. See, 
e.g., EP 0 285 382. 

The compounds of the present invention can also be 55 
administered in the form of liposome delivery systems, such 
as small unilamellar vesicles, large unilamellar vesicles and 
multilamellar vesicles. Liposomes can be formed from a 
variety of phospholipids, such as cholesterol, stearylamine 
or phosphatidylcholines. 60 

Compounds of the present invention may also be deliv- 
ered by the use of monoclonal antibodies as individual 
carriers to which the compound molecules are coupled. The 
compounds of the present invention may also be coupled 
with soluble polymers as targetable drug carriers. Such 65 
polymers can include polyvinylpyrrolidone, pyran 
copolymer, polyhydroxypropylmethacrylamidephenol, 
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polyhydroxyethylaspartamidephenol, or polyethyleneoxide- 
polylysine substituted with palmitoyl residues. Furthermore, 
the compounds of the present invention may be coupled to 
a class of biodegradable polymers useful in achieving con- 
trolled release of a drug, for example, polylactic acid, 
polyepsilon caprolactone, polyhydroxy butyric acid, 
polyorthoesters, polyacetals, polydihydropyrans, polycy- 
anoacrylates and cross-linked or amphipathic block copoly- 
mers of hydrogels. 

Thus, the present invention also provides for a pharma- 
ceutical composition for the treatment of diseases of the 
prostate comprising a compound capable of inhibiting 
androgen induced DDT1 cell growth and a pharmaceutically 
acceptable carrier. In one class of this embodiment of the 
invention, the compound capable of inhibiting androgen- 
induced DDT1 cell growth is N-(4-chlorophenyl)-(Z,Z)-2, 
3-bis(cyclopropylmethylene)cyclopentane carboxamide of 
structural formula (I): 




(0 



The present invention also provides for the use of a 
compound which inhibits the testosterone-induced growth 
of DDT1 cells in the preparation of a medicament useful in 
the treatment of diseases of the prostate. 

The following examples are not intended to be limitations 
on the scope of the instant invention in any way, and they 
should not be so construed. Furthermore, the compounds 
described in the following examples are not to be construed 
as forming the only genus that is considered as the invention, 
and any combination of the compounds or their moieties 
may itself form a genus. Those skilled in the art will readily 
understand that known variations of the conditions and 
processes of the following preparative procedures can be 
used to prepare these compounds. 

All temperatures given in the following examples are in 
degrees Celsius. 

EXAMPLE 1 

DDT1 Assay 

DDT1 cells (ATCC Nos. CRL-1701 and CRL-12051) 
were maintained in Dulbecco's modified Eagle's medium 
(GIBCO BRL) (DMEM)+2% bovine calf serum (Hyclone®, 
BCS defined, iron supplemented) and 10 nM testosterone. 
Media was charged every 48 hours. Cells were plated at 
-2,000/well in 96-weIl plates or -6,000 cells/cm 2 in 
DMEM: F12 (GIBCO BRL) nutrient mixture (1:)+ITS™ 
(insulin, transferrin, selenious acid) (Collaborative Biomedi- 
cal Products/Becton Dickinson Labware) (final concentra- 
tions 5 /zg/mL insulin, 5 ///mL transferrin, 5 ng/mL selenious 
acid) (DFITS media)+0.1% bovine calf serum (Hyclon®, 
BCS defined, iron supplemented). 

After 24 hours, the cells were washed with the same 
media except without added serum and replaced with fresh 
serum-free DFITS medium (day 0). 

In a typical experiment, cells were plated in sets of 12 in 
the presence of either a mock ethanol control (0.1-0.2% 
total volume) or N-(4-chlorophenyl)-(Z,Z)-2,3-bis 
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(cyclopropylmethylene) cyclopentane carboxamide dis- 
solved in 100% ethanol as a 1000X concentrated stock 
solution. Cell growth was then measured using a CellTi- 
ter96™ Non-Radioactive Cell Proliferation Assay (Promega 
Corporation) according to the manufacturer's protocol using 5 
a Bio Kinetics EL 340 microplate reader (BioTek 
Instruments, Inc.)- 3-(4,5-dimethylthiazol-2-yl)-5-(3- 
carboxyl methoxyphenyl)-2-(4-sulfophenyl)-2H- 
tetrazolium (MTS) was diluted into media at a final con- 
centration of 333 /ig/mL and penazine methosulfate (PMS) 10 
was used at a final concentration of 25 jt/M with a total 
volume per well of 100 /iL. Plates were then incubated for 
one hour at 37° C. in a humidified 5% C0 2 atmosphere. A 
linear response between cell number and absorbance at 490 
nm was found up to 20,000 cells/well. The proliferation of 15 
DDT1 cells in synthetic serum-free medium is very slow 
doubling time >5 days in the absence of added testosterone, 
but is robust in the presence of 10 nM testosterone as shown 
in FIG. 1. The addition of either N-(4-chlorophenyl)-(Z,Z) 
-2,3-bis(cyclopropylmethylene)cyclopentane carboxamide 20 
or an ethanol mock control showed little or no effect on cell 
proliferation. In contrast, the addition of N-(4-chlorophcnyl) 
-(Z,Z)-2,3-bis(cyclopropylmethylene)cyclopentane car- 
boxamide at 10 /iM along with 10 nM testosterone reduced 
cell proliferation to levels close to that of the ethanol mock 25 
control. The classical nonsteroidal antiandrogen flutamide at 
1 //M had the same effect, within experimental error, of 
blocking testosterone in this system. Thus N-(4- 
chlorophenyl)-(Z,Z)-2,3-bis(cyclopropylmethylene) 
cyclopentane carboxamide inhibits testosterone-induced 30 
DDT1 cell growth in a manner similar to that of hydroxy- 
flutamide. 

EXAMPLE 2 

Binding to the Androgen Receptor 35 

100 fxY. of cytosol (100,000xg supernatant) were incu- 
bated overnight at 4° C. in the presence of 1 nM [ 3 H]-DHT 
with and without unlabelled DHT at 1 juM to assess non- 
specific binding with and without added compound to mea- 
sure competition. All samples were prepared in duplicate. 4Q 
Compound stock solutions were typically 100 fold concen- 
trated in 100% ethanol and equal volumes of ethanol were 
employed as a mock control. Free steroids were removed by 
addition of dextran-coated charcoal followed by centrifuga- 
tion at 3,000xg for fifteen minutes at 4° C. Receptor-bound ^ 
[ 3 H]-DHT was then measured by Scintillation counting of 
the supernatants. 

Binding to the human androgen receptor (hAR) was 
measured essentially as described by Tilley et al., "Charac- 
terization and expression of cDNA encoding the human 5Q 
androgen receptor", Proc. Nat'l Acad. Sci. USA 86:327-331 
(1989), and Summerfield et al., "Tissue-specific pharmacol- 
ogy of testosterone and 5a-dihydrotestosterone analogues: 
characterization of a novel canine androgen-binding 
protein", Mol. Pharm. 47: 1080-1088 (1995) except that 55 
stable transfectants of CHO cells were employed (gift from 
Prof. Michael McPhaul Southwestern Medical Center, 
Dallas, Tex.) that typically express 30-80 fmoles receptor/ 
mg soluble protein. 

N-(4-chlorophenyl)-(Z,Z)-2,3-bis(cyclopropylmethylene) 
cyclopentane carboxamide exhibits an IC 50 (fifty percent 
displacement (IC 50 ) of 3H-5a-DHT (1.0 nM) of 27.5±0.13 
fiM (two independent experiments). Hydroxy flutamide has 
an IC 5O ~100 nM using the same binding assay. 

EXAMPLE 3 65 
Preparation of N-(4-chlorophenyl-(Z,Z)-2,3-bis 
(cyclopropyimethylene)cyclopentanecarboxamide 



60 



To a stirred solution of 4-chloroaniline (66 mg, 0.52 
mmol) in dry benzene (2.6 mL, argon atmosphere) was 
added a solution of trimethylaluminum in toluene (0.26 mL, 
2M, 0.52 mmol) and the mixture was stirred at room 
temperature for 20 minutes. A solution of methyl (Z,Z)-2, 
3-bis(cyclopropylmethylene)cyclopentanecarboxylate (80 
mg, 0.344 mmol) in dry benzene (2.0 mL) was added and the 
mixture was refluxed for 4 hours. Hydrochloric acid (2M, 4 
mL) was added and the phases were separated. The aqueous 
phase was extracted three times with diethyl ether. The 
combined organic extracts were washed (brine), dried 
(magnesium sulfate) and concentrated. Flash chromatogra- 
phy (20 g silica gel, 4:1 petroleum ether-diethyl ether) of the 
crude product and removal of traces of solvent (vacuum 
pump) from the acquired material produced 93.5 mg (83%) 
of the amide, N-(4-chlorbpheny l)-(Z,Z)-2,3-bis 
(cyclopropylmethylene)cyclopentane carboxamide. Recrys- 
tallization of this material from 1:1 dichloromethane-ethanol 
gave the amide N-(4-chlorophenyl)-(Z,Z)-2,3-bis 
(cyclopropylmethylene)cyclopentane carboxamide as color- 
less needle-like crystals (mp 126 ? -127° C.) that showed IR 
(KBr): 3255, 1664, 1594, 1494, 1399, 1096, 824 cm" 1 ; 2 H 
NMR (CDC1 3 , 400 MHz): 0.42-O.60 (m, 4H), 0.80-0.95 (m, 
4H), 1.77-1.90 (m, 2H), 2.0O-2.10 (m, 1H), 2.10-2.22 (m, 
1H), 2.35-2.53 (m, 2H), 3.40 (dd, 1H, J=9, 4 Hz), 4.87 (d, 
1H, J=10 Hz), 4.96 (d, 1H, J=10 Hz, 7.26 (d, 2H, J=9 Hz), 
7.44 (d, 2H, J=9 Hz), 7.56 (br s, 1H, w 1/2 =8 Hz); in a 
decoupling experiment, irradiation at 6 1.82 simplified the 
multiplets at 0.42-0.60 and 0.80-0,95, and simplified the 
two doublets at 4.87 and 4.96 to two broad singlets (w 1/2 =5, 
3 Hz, respectively); in a series of NOE difference 
experiments, irradiation at 6 3.40 caused enhancement of the 
signals at 2.10-2.22 (9%) and 4.96 (10%); irradiation at 5 
4.87 caused enhancement of the signals at 1.77-1.90 (4%) 
and 2.35-2.53 (3%); irradiation at 6 4.96 caused an enhance- 
ment of the signal at 3.40 (4%); 13 C NMR (CDC1 3 , 50.3 
MHz): 6 6.9, 7.1, 8.5, 8.9, 13.8, 14.1, 26.9, 31.9, 53.3, 120.6, 
128.85, 128.9, 130.2, 133.6, 135.6, 136.2, 136.8, 173.3. 
Exact mass calcd. for C 20 H 22 35 ClNO: 327.1392; found: 
327.1384. Anal, calcd. for C^H^CINO: C 73.27, H 6.76, N, 
4.27; found: C 73.17, H 6.67, N, 4.40. 

EXAMPLE 4 

Ligand dependent transcription assays were performed as 
described in Schnmidt et al. "Identification of a new member 
of the steroid hormone receptor superfamily that is activated 
by a peroxisome proliferator and fatty acids," Mol. Endo- 
crinol. 6:1634-1641 (1992). A luciferase cDNA expressed 
under the control of the promoter region of the probasin gene 
that confers androgen receptor dependent transcription was 
used as a reporter gene, see Rennie et al. "Characterization 
of two cis-acting DNA elements involved in the androgen 
regulation of the probasin gene" Mol Endocrinol. 7:23-36 
(1993). The promoter region, -426 to +40 of the rat probasin 
gene was amplified by polymerase chain reaction (PCR) and 
inserted upstream of the luciferase cDNA of pGL3 Basic 
plasmid (Promega). The expression vector pSGAR that 
expressed the normal human AR was used as a source of 
receptor, see, Chang et al. "Molecular cloning of human and 
rat complementary DNA encoding androgen receptors," 
Science 240:324-326 (1988). Transient transfection of CV1 
cells was performed by plating cells (1.5xl0 5 per mL) into 
12 well dishes in phenol red-free medium supplemented 
with 10% fetal calf serum treated with activated charcoal to 
remove endogenous steroids. Cells were then transfected the 
following day by addition of a calcium phosphate precipitate 
of plasmid DNA. Cells were then washed with fresh media 
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after an overnight incubation and ligands were added. Cell 
extracts were prepared after forty eight hours and assayed 
for luciferase enzyme activity using the Luciferase Assay 
System (Promega). Each transfection was performed in 
triplicate and the fluorescence of each sample was measured 
using the AutoChemiluminometer (Berthold). 

Thus to test whether N-(4-chlorophenyl-(Z,Z)-2,3-bis 
(cyclopropyl-methylene)cyclopentanecarboxamide acts as 
an agonist or antagonist to the androgen receptor, the effect 
of N-(4-chlorophenyl-(Z,Z)-2,3-bis(cyclopropyl- 
methylene)cyclopentanecarboxamide on either the AR 
dependent transcription from the pPBluc reporter gene or the 
ability of N-(4-ch loropheny 1 -(Z,Z)-2,3-bis 
(cyclopropylmethylene) cyclopentanecarboxamide to block 
the androgen receptor transactivation by DHT. The androgen 
receptor and the probasin luciferase reporter gene were 
co-transfected into CV1 cells and N-(4-chlorophenyl-(Z,Z) 
-2,3-bis(cyclopropyl-methylene)cyclopentane carboxamide 
was added to the cells without or with 10 nM DHT 
Treatment using N-(4-chlorophenyl-(Z,Z)-2,3-bis 
(cyclopropylmethylene)cyclopentane carboxamide alone 
did not affect luciferase expression from the pPBluc reporter 
gene. In contrast, N-(4-chlorophenyl-(Z,Z)-2,3-bis 
(cyclopropylmethylene)cyclopentane carboxamide inhibited 
the transactivation mediated by DHT in a dose dependent 
manner. Fifty percent inhibition of transactivation occurred 
at about 2 //M and maximal inhibition occurred at 100 fiM. 
The results are graphed in FIG. 2. 

TABLE 1 

Androgen Receptor (AR) and DHT dependent transcription 
from the promoter of the probasin gene 

Fold Stimulation ± std 



DHT 


pPBluc 


pPBluc + AR 


pPBluc 


pPBluc + AR 


control 


4200 ± 600 


46000 ± 


1.00 * 0.13 


1.00 * 0.08 






40000 






acr 9 M 


3000 ± 300 


290000 ± 


0.71 * 0.07 


6.3 ± 0.9 






40000 






It)" 7 M 


3300 ± 1100 


1100000 ± 


0.78 * 0.25 


24 ± 1 






70000 
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example, effective dosages other than the particular dosages 
as set forth herein above may be applicable as a consequence 
of variations in the responsiveness of the mammal being 
treated for any of the indications for the compounds of the 
invention indicated above. Likewise, the specific pharma- 
cological responses observed may vary according to and 
depending upon the particular active compound selected or 
whether there are present pharmaceutical carriers, as well as 
the type of formulation and mode of administration 
employed, and such expected variations or differences in the 
results are contemplated in accordance with the objects and 
practices of the present invention. It is intended, therefore, 
that the invention be defined by the scope of the claims 
which follow and that such claims be interpreted as broadly 
as is reasonable. 
What is claimed is: 

1. A method of treating or preventing diseases of the 
prostate comprising administering 0.001 to 200 mg per day 
of a compound capable of inhibiting androgen-induced 
DDT1 cell growth to a male human in need of such 
treatment wherein the compound is N-(4-chlorophenyl)-(Z, 
Z)-2,3-bis(cyclopropylmethylene)cyclopentane carboxam- 
ide of structural formula (I): 

(0 
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CV1 cells were co-transfected with the probasin reporter 
gene (pPBluc) and with either the androgen receptor 45 
(pSGAR) or control plasmid (pSV2neo) and treated with 
vehicle or with DHT at the indicated concentration as 
described above. 

EXAMPLE 5 

Oral Composition 50 

As a specific embodiment of an oral composition of a 
compound of this invention, 5 mg N-(4-chlorophenyl-(Z,Z) 
-2,3-bis(cyclopropylmethylene)cyclopentane carboxamide, 
is formulated with sufficient finely divided lactose to provide 
a total amount of 580 to 590 mg to fill a size 0 hard gelatin 55 
capsule. 

While the invention has been described and illustrated 
with reference to certain particular embodiments thereof, 
those skilled in the art will appreciate that various changes, 
modifications and substitutions can be made therein without 60 
departing from the spirit and scope of the invention. For 



2. The method of claim 1 wherein the disease of the 
prostate is prostatic cancer. 

3. The method of claim 1 wherein the disease of the 
prostate is benign prostatic hyperplasia. 

4. A pharmaceutical composition for treatment of diseases 
of the prostate comprising N-(4-chlorophenyl)-(Z,Z)-2,3-bis 
(cyclopropylmethylene)cyclopentane carboxamide of struc- 
tural formula (I): 

(0 




and a pharmaceutically acceptable carrier. 
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Androgenetic alopecia: pathogenesis 2 
and potential for therapy z 

Justine A. Ellis, Rodney Sinclair and Stephen B. Harrap 

Androgenetic alopecia occurs in men and women, and is characterised by the Jjj* 
loss of hair from the scalp in a defined pattern. Determining factors appear to ^ 
be genetic predisposition coupled with the presence of sufficient circulating c 
androgens. The prevalence of this condition is high (up to 50% of white males 
are affected by 50 years of age) and, although there are no serious direct 
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health consequences, the loss of scalp hair can be distressing. Knowledge of a> 
the pathogenesis of androgenetic alopecia has increased markedly in recent ^ 
years. Pre-programmed follicles on the scalp undergo a transformation from U) 
long growth (anagen) and short rest (telogen) cycles, to long rest and short J2 
growth cycles. This process is coupled with progressive miniaturisation of ^ 
the follicle. These changes are androgen dependent, and require the £L 
inheritance of several genes. To date, only one of these genes, which encodes 
the androgen receptor {AR), has been identified. Of the many treatments "o 
available for androgenetic alopecia, only two (finasteride and minoxidil) have 
been scientifically shown to be useful in the treatment of hair loss. However, O 
these therapies are variable in their effectiveness. Discovery of the involvement TO 
of the AR gene, and the identification of other genes contributing to the .£2 
condition, might lead to the development of new and more effective therapies <D 
that target the condition at a more fundamental level. £j 
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Androgenetic alopecia, which in men is often 
referred to as male-pattern baldness, is a 
common form of scalp hair loss that affects 
most males by old age (Ref. 1). The condition 
can also affect females; however, this is less well 
characterised and it remains controversial as to 
whether the two conditions are the same (Ref. 2). 
Certainly, the pattern of hair loss is different in 
women and the prevalence is lower than that in 
men (Ref. 3). Therefore, in this review article we 
will focus specifically on male androgenetic 
alopecia. 

The onset of androgenetic alopecia is 
extremely variable, and appears to be determined 
by the presence of sufficient circulating androgens 
and the degree of genetic predisposition (Ref. 4). 
The condition is not a serious one from a medical 
perspective; however, the loss of hair is often an 
unwanted and stressful event for the patient 
(Refs 5, 6), and therefore might have considerable 
psychosocial consequences. Effective treatments 
are being developed and current research efforts, 
including the search for genes, are yielding much 
promising new information. 

Another common form of alopecia is alopecia 
areata, which is an inflammatory form of hair loss 
that is thought to be autoimmune in origin. Both 
genetic predisposition and environmental 
influence lead to episodes of patchy terminal 
hair loss. The loss might completely reverse 
without leaving any scarring; alternatively, it 
might progress and result in the total loss of 
scalp hair (alopecia totalis) or the total loss of 
body hair (alopecia universalis). Alopecia 
areata occurs equally in males and females, and 
does not appear to be androgen dependent 
(Refs 7, 8). 

Prevalence and clinical features 
of androgenetic alopecia 

By 30 years of age, -30% of white males have 
androgenetic alopecia; by 50 years of age, 50% are 
affected (Ref. 1). White males are four times more 
likely to develop androgenetic alopecia than are 
males of African origin (Ref. 9). 

Hair loss follows a defined pattern, as 
described by the Hamilton-Norwood scale 
(Refs 1, 10) (Fig. 1), beginning with bitemporal 
recession of the frontal hairline. This is 
followed by diffuse thinning over the vertex 
(top) of the scalp, eventually leading to 
complete hair loss in this region. The bald 
patch progressively enlarges and eventually 





The Norwood — Hamilton scale of 
male-pattern baldness j 
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Figure 1. The Norwood-Hamilton scale of male- 
pattern baldness. The typical pattern of hair loss 
is divided into seven categories. No hair loss is 
termed 'type I'. Minor recession of the frontal 
hairline is termed 'type IT. Type III indicates further 
frontal loss, and is considered 'cosmetically 
significant*. The subset of type III, termed 'III 
vertex', shows significant frontal recession coupled 
with hair loss from the vertex region of the scalp. 
Types IV-VI show further frontal and vertex loss, 
culminating in type VII, in which only the occipital 
scalp region maintains significant amounts of hair. 
Reproduced from Norwood, O.T. (1973) Hair 
Transplant Surgery (1st edition), courtesy of 
Charles C. Thomas, Publisher, Ltd, Springfield, 
Illinois, USA (figOOIjem). 

joins the receding frontal hairline. 
Ultimately, marginal parietal and occipital 
hair remains, and this might also continue 
to thin and be lost. 

Although this pattern is typical of most cases 
of androgenetic alopecia, the rate of hair loss in 
the various scalp regions can produce visual 
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variation. For instance, rapid vertex loss coupled 
with slower frontal regression can appear 
different from faster frontal, and slower vertex, 
loss. Less commonly, the frontal hairline can be 
preserved (Ref. 11). 

Associations with other conditions 

There is some evidence to support the hypothesis 
that male-pattern hair loss imparts an increased 
risk of cardiovascular disease (CVD). It would 
appear that men with androgenetic alopecia are 
more likely to develop CVD (Ref. 12); however, 
there is no evidence of an increase in conventional 
risk factors such as blood pressure and cholesterol 
concentrations (Ref. 13). Recent studies have also 
demonstrated an increased risk of benign prostatic 
hyperplasia (Ref. 14) and prostate cancer (Ref. 15) 
in those with male-pattern baldness; however, the 
molecular basis for this link has yet to be 
evaluated. 



Pathogenesis of androgenetic alopecia 

Androgenetic alopecia is the result of step-wise 
miniaturisation of the hair follicle and alteration 
of the hair-cycle dynamics (Ref. 16). The three 
phases of the normal hair cycle (Ref. 17) are 
shown in Figure 2. Pre-programmed follicles 
on the scalp progress through long growth 
(anagen) cycles and short rest (telogen) cycles. 
With each passage through the hair cycle, the 
duration of the anagen phase decreases whereas 
the telogen phase elongates. Because the duration 
of the anagen phase is the main determinant of 
hair length, the maximum length of the new 
anagen hair is shorter than that of its predecessor. 
Eventually, the anagen phase is so short that the 
emerging hair does not reach the skin surface and 
the only testimony to the presence of a functioning 
follicle is a pore. In addition, the latency period 
between telogen hair shedding and anagen 
regrowth becomes longer, leading to a reduction 



Anagen 



Catagen 



Telogen 



Anagen 




Hair matrix 




Club hair 




Old club hair 



Epithelial column 



Hair papilla 



Diagrammatic representation of the scalp hair cycle 
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Figure 2. Diagrammatic representation of the scalp hair cycle, (a) During the normal hair cycle, the active 
growth phase (anagen) can last from 2 years up to 6 years. This is followed by a short transition phase 
(catagen), which lasts 1-2 weeks, and then by a resting phase (telogen), lasting 5-6 weeks. The hair is then 
shed, the anagen phase begins again, and a new hair is grown. In the altered hair cycle of the balding scalp 
(not shown), the phases of the cycle remain unchanged. However, the anagen growth phase becomes shorter 
and the telogen resting phase becomes longer with each passage through the hair cycle, resulting in diminishing 
hair length. Reproduced, with permission of the BMJ Publishing Group, from Sinclair, R. (1998) Male pattern 
androgenetic alopecia, BMJ 317, 865-869 (fig002jem). 
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in the number of hairs present on the scalp 
(Ref. 16). The follicular miniaturisation that 
accompanies these hair-cycle changes is global, 
affecting the papilla, the matrix and ultimately 
the hair shaft. The dermal papilla is fundamental 
to the maintenance of hair growth (Ref. 18) and is 
probably the target for androgen-mediated 
changes in the hair cycle and miniaturisation of 
the follicle (Refs 19, 20) (see below). 

Involvement of androgen and the 
androgen receptor 

Two predominant, naturally occurring 
androgens are the sex steroids testosterone 
and 5ot-dihydrotestosterone (DHT). Testosterone 
is converted to DHT by the enzyme 5oc-reductase 
(Fig. 3a), which exists as two isozymes: type I and 
type II (Ref. 21). Although the tissue distribution 
of the isozymes does vary, both are found in 
scalp follicles (Ref. 22). Androgens mediate their 
activities by binding to the human androgen 
receptor, a member of the steroid-thyroid 
hormone nuclear receptor superfamily. The 
structure of the androgen receptor includes a 
ligand-binding domain and a DNA-binding 
domain. Both testosterone and DHT can bind 
to the ligand domain, which activates the DNA- 
binding domain. The receptor-ligand complex 
then acts as a transcription factor, regulating the 
expression of androgen-sensitive genes (Fig. 3a) 
(Ref. 23). The androgen receptor is required for 
male development and, throughout adult life, 
for the normal functioning of organs such as 
the reproductive system, testes, muscles, liver, 
skin, nervous system and immune system (Refs 
24, 25). The androgen receptor plays a role in 
several diseases and hereditary traits including 
prostate cancer, androgen insensitivity syndrome 
(Ref. 26) and spinal and bulbar muscular atrophy 
(Kennedy disease) (Ref. 27). 

The involvement of androgens in androgenetic 
alopecia has been established for some time, and 
is well accepted. Eunuchs, who lack androgens, 
do not bald (Ref. 4). Individuals who lack a 
functional androgen receptor are androgen 
insensitive and develop as females; again, these 
individuals do not bald (Ref. 28). Similarly, no 
baldness is seen in pseudohermaphrodites, who 
lack 5a-reductase, the enzyme that converts 
testosterone to the potent androgen DHT (Ref. 29). 
The concentration of DHT has been shown to be 
higher in the balding scalp than in the non-balding 
scalp (Fig. 3b) (Ref. 30). In addition, increased 



concentrations of both 5rx-reductase and the 
androgen receptor have been detected in the 
balding scalp (Ref. 31), suggesting that such 
changes contribute to hair loss. The exact 
mechanism(s) through which androgens act to 
cause baldness remain unclear; however, given 
that the complex formed between the androgen 
receptor and androgen acts as a transcription 
factor, it is likely that genes controlling follicle 
cycling are regulated by androgen. The expression 
of such genes will therefore be dependent on 
the concentrations of androgen and androgen 
receptor in the follicle (Fig. 3b). 

Genetic models of 
androgenetic alopecia 
Androgenetic alopecia - an autosomal 
dominant disorder? 

The nature of the inheritance of genetic 
predisposition to androgenetic alopecia is 
unresolved. Although it is a popular belief that 
baldness is inherited from the maternal 
grandfather, the mode of inheritance is usually 
cited in the scientific literature as autosomal 
dominant, suggesting that the inheritance of 
only one autosomal gene conveys full genetic 
predisposition. However, there appears to be only 
one published comprehensive familial analysis of 
androgenetic alopecia, conducted by Dorothy 
Osborn in 1916 (Ref. 32). In this study of 22 
families, it was concluded that a single autosomal 
gene, termed 'B', could account for genetic 
predisposition to baldness, acting in an autosomal 
dominant manner in men, and in an autosomal 
recessive manner in women. In other words, men 
are predisposed to baldness if they inherit either 
'BB' or 'Bb'; however, women are predisposed 
only if they inherit 'BB'. The inheritance of 
androgenetic alopecia remains listed as autosomal 
dominant in such respected references as Victor 
McKusick's Online Mendelian Inheritance in Man 
(OMIM: http:/ / www.ncbi.nlm.nih.gov/Omim; 
entry number 109200). However, the first real test 
of Osborn' s hypothesis appeared in 1984, when 
Kuster and Happle re-assessed the inheritance of 
androgenetic alopecia (Ref. 33). They presented a 
strong argument for a more complex polygenic 
mode of inheritance of androgenetic alopecia, as 
described below. 

The polygenic hypothesis 

A trait determined by a single gene would be more 
likely to display two or more distinct phenotypes, 
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Figure 3. Involvement of androgens and the androgen receptor in male-pattern baldness, (a) In the non- 
balding scalp, testosterone enters the cell and is reduced to 5a-dihydrotestosterone (DHT) by 5a-reductase. 
DHT binds to the androgen receptor, and the complex moves into the nucleus, where transcription control of 
androgen-dependent genes occurs, (b) In the balding scalp, the concentration of 5a-reductase Is increased, 
resulting in the increased production of DHT. Because the concentration of the androgen receptor also appears 
to be increased, more complexes are formed between androgen receptors and DHT, augmenting the regulation 
of androgen-dependent genes in the nucleus. The androgen-responsive genes that are involved in male- 
pattern baldness are yet to be identified. Finasteride, a type-ll 5oc-reductase inhibitor, reduces the production 
of DHT by blocking the action of the type II enzyme, thereby slowing the action of the androgen receptor. The 
site of action of minoxidil is yet to be determined. Future therapies might involve the prevention of the binding 
of DHT to the androgen receptor (fig003jem). 
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rather than a continuous distribution (Ref. 34). 
In Kuster and Happle's analysis, the distribution 
of androgenetic alopecia followed a normal 
distribution, representing the full range of 
phenotypes, from no evidence of hair loss, to fully 
developed baldness. This distribution is more 
consistent with a polygenic trait. In addition, 
Kuster and Happle pointed out that hereditary 
traits determined by a single gene rarely occur at 
a frequency greater than 1 in 1000. Although the 
exact frequency of androgenetic alopecia is 
difficult to ascertain, it has been estimated to be 
between 40% and 60% in men, further supporting 
a more pervasive mode of inheritance (Ref. 33). 

The characteristics of a polygenic trait can 
be illustrated using a simplified four-gene 
model (Ref. 35). Consider a scenario whereby 
predisposition to androgenetic alopecia is 
determined by four distinct genes, each 
contributing 25%. Inheritance of none of these 
genes obviates genetic predisposition to 
androgenetic alopecia. Inheritance of one gene 
predisposes to some hair loss later in life. 
Inheritance of two or three of these genes 
predisposes to hair loss during middle age, 
whereas inheritance of all four genes predisposes 
to hair loss at a young age. In reality, androgenetic 
alopecia might depend on more or fewer than four 
genes, each of which might contribute variably 
to predisposition. 

Father-to-son transmission 

A recent study of the inheritance of baldness 
examined fathers and sons who had participated 
in the Victorian Family Heart Study (VFHS) - a 
study of 3000 healthy Caucasian individuals 
belonging to 828 family groups living in the 
state of Victoria, Australia (Ref. 36). The VFHS 
was designed to examine risk factors associated 
with CVD that might include androgenetic 
alopecia. Males were surveyed for degree of 
baldness, and concordance was examined 
between 54 balding adult sons and their 
fathers. Under a model of autosomal dominant 
inheritance, sons might be expected to inherit 
baldness equally from their mothers and fathers. 
However, 81.5% of balding sons were found to 
have fathers with cosmetically significant 
baldness (type 3 or greater on the Hamilton- 
Norwood scale), considerably exceeding the 
autosomal dominant expectation (Ref. 36). These 
findings are consistent with a polygenic mode of 
inheritance, which includes a paternally inherited 



gene, and this polygenic model remains the 
most likely basis of androgenetic alopecia. 

Genes involved in androgenetic alopecia 

The identification of genes that are involved in 
androgenetic alopecia has been hindered by 
difficulties geneticists have faced when using 
classical genetic analysis techniques to study the 
condition. In general, these techniques compare 
the DNA sequences of unaffected and affected 
individuals, either from large family groups in 
which the presence or absence of baldness is 
known for all family members, or from large 
groups of unrelated affected and unaffected 
individuals. In both cases, it is vitally important 
that the presence or absence of baldness is 
correctly diagnosed. This is difficult given the 
variable age of onset of the condition. For 
example, is a 30-year-old man with a full head 
of hair guaranteed not to carry genetic 
predisposition? 

In recent studies, the sequences of several 
candidate genes were compared between groups 
of individuals who were considered to be most 
and least genetically predisposed to androgenetic 
alopecia (Refs 36, 37, 38). These are, respectively, 
young males who have a significant degree of 
baldness and older males who have no indication 
of hair loss. Candidate genes for androgenetic 
alopecia were chosen because of their relevance 
to the hypothesis that androgens are involved in 
this form of hair loss. 

Candidate genes 

The 5a-reductase genes 

As mentioned earlier, the concentrations of 
both DHT and 5oc-reductase are increased in 
the balding scalp (Refs 33, 31), whereas the 
concentration of testosterone remains the same 
(Ref. 39). The involvement of DHT, rather than 
testosterone, in the hair-loss process implicates 
the genes that encode the 5oc-reductase enzymes, 
SRD5A1 and SRD5A2, in male-pattern baldness 
because 5a-reductase converts testosterone to 
DHT. However, analyses of these genes using 
case-control association and familial linkage 
studies have shown that it is unlikely that they 
contribute to androgenetic alopecia (Refs 36, 40). 

The aromatase gene 

The enzyme aromatase converts androgens, such 
as testosterone, to oestrogens, and appears to be 
present at decreased concentrations in the balding 
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scalp (Ref. 31). The autosomal gene encoding 
aromatase, CYP19, was compared between cases 
and controls but no differences were detected 
(Ref. 37), suggesting that it is unlikely that the 
aromatase gene is involved in determining 
predisposition to androgenetic alopecia. 

The Y chromosome 

The observed father-to-son transmission of 
androgenetic alopecia raises the hypothesis that 
a gene on the Y chromosome might contribute to 
the condition. In addition, the Y chromosome 
determines sex and the concentrations of sex 
steroids such as testosterone and DHT (Ref. 41). 
However, examination of the non-recombining 
region of the Y chromosome has demonstrated 
that it is unlikely that causative mutations occur 
in any genes contained in this region (Ref. 37). 
Although most of the Y chromosome does not 
recombine, it remains possible that mutations 
that contribute to predisposition to androgenetic 
alopecia occur in genes that are contained on the 
ends of the Y chromosome, in the so-called 
pseudoautosomal regions, which recombine with 
the X chromosome. Further study will be required 
to determine if this is the case. 

Discovery of the first gene associated with 
androgenetic alopecia: the AR gene 

Because an increased concentration of androgen 
receptor is associated with the balding scalp (Ref. 
31), differences in the DNA sequence of the gene 
encoding the androgen receptor, or in the AR 
regulatory sequences, might lead to differences 
in the concentration or activity of the receptor. 
Such differences might increase sensitivity to 
DHT in balding individuals, leading to hair loss 
at an earlier age. 

On comparing the AR gene sequence found 
in case and control individuals, a significant 
difference was found between the two groups in 
the frequency of a single base change in the coding 
region (exon 1) of the gene. This polymorphism 
does not alter the amino acid sequence of the 
protein and is therefore unlikely to be functional. 
However, it is likely that the polymorphism is 
tightly linked to other functional sequence 
changes. All but one of the 54 young, bald men 
studied carried the non-functional variant of the 
AR gene (Ref. 38). Interestingly, 77% of non-bald 
men also carried this version of AR, suggesting 
that AR is necessary but not sufficient for causing 
baldness (Ref. 38). To date, AR functional 



mutations that are associated with androgenetic 
alopecia have not been located. However, the 
results of this study nevertheless provide good 
evidence for the involvement of the AR gene in 
androgenetic alopecia. The likely functional 
difference(s) will be those in the sequence of the 
regulatory regions that cause relatively subtle 
increases in androgen-receptor production and 
activity in the cell (Ref. 38). 

Further genetic research 

If the AR gene is necessary but not sufficient for 
causing baldness (Ref. 38), it is possible that other 
genes might be acting in conjunction with AR. For 
example, genes other than SRD5A1 and SRD5A2 
that control DHT production remain candidates. 
Given that the concentration of 5a-reductase is 
increased in the balding scalp, candidate genes 
might include those encoding transcription factors 
that regulate the production of 5oc-reductase. Such 
genes have yet to be identified. The many other 
genes, known and unknown, that are involved in 
androgen production, regulation and responses 
might also be involved. 

In addition to androgen-related genes, genes 
that are involved in patterning, signalling and 
hair-follicle morphogenesis are attracting much 
attention from researchers. All hair follicles are 
formed inutero. The spatial relationship of hair 
follicles is determined by the competing 
influences of follicle-inducing and follicle- 
repressing molecules. Interaction between the 
epidermis and dermis is required. Epidermal 
signals trigger the formation of the dermal papilla, 
and subsequent dermal signals direct epidermal 
downgrowth into the dermis that envelopes the 
dermal papilla and creates the hair follicle. Hair- 
shaft production from the follicle is regulated 
by signals from both the dermal papilla and 
lateral signalling between epithelial cells. These 
signalling pathways have been recently reviewed 
(Ref. 42). Important candidate areas include 
fibroblast growth factor, WNT proteins, p-catenin, 
LEF1, FOXN1, noggin, bone morphogenic 
protein 2 and 4, sonic hedgehog and its cognate 
receptor patched, platelet-derived growth factor 
A, follistatin and epidermal growth factor. 

Therapeutic management of 
androgenetic alopecia 

Without treatment, androgenetic alopecia is a 
progressive condition. Hairs decrease in number 
at a rate of -5% per year (Ref. 43). Apart from 
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various camouflage and surgical options (which 
are reviewed in Refs 44, 45), currently only two 
pharmaceutical treatments exist for the treatment 
of androgenetic alopecia in males: topical 
minoxidil and oral finasteride, both approved by 
the US Food and Drug Administration. 

Minoxidil, a vasodilator, was originally used 
to treat high blood pressure (Ref. 46). However, 
following observations that patients treated with 
this drug showed increased hair growth, a topical 
formulation was developed that arrested the 
progression of hair loss and promoted the 
regrowth of a small amount of hair in -40% 
of men (4% experienced medium-to-dense 
regrowth) (Ref. 47). Minoxidil appears to prolong 
the anagen growth phase by an as yet unknown 
mechanism, leading to a decrease in hair 
shedding, but it does not inhibit the biological 
process. Hence, once treatment is stopped, hair 
shedding rapidly resumes, with the loss of all 
minoxidil-stimulated hair growth (Ref. 48). 

Finasteride is a synthetic azo-steroid that has 
been used for the treatment of androgenetic 
alopecia in males since 1997. It is a potent and 
highly selective 5a-reductase type-2 inhibitor 
(Ref. 49). It binds irreversibly to the 5ct-reductase 
type-2 enzyme and inhibits the conversion of 
testosterone to DHT. Thus, although the 
pharmacological half-life is in the order of 8 h, 
the biological half-life is substantially greater. The 
administration of a daily dose of 1 mg reduces 
concentrations of scalp DHT and serum DHT by 
64% and 68%, respectively (Ref. 50). The dose- 
response curve is non-linear, and therefore higher 
doses do not lead to significantly increased 
suppression of DHT or clinical benefit (Ref. 51). 
After 24 months of continuous use, 66% of patients 
experienced -10-25% regrowth of their hair 
(Ref. 52). Most of the remainder showed no 
further hair loss, and only a few continued to lose 
hair. Continued use beyond 2 years does not 
appear to promote continued hair regrowth; 
instead the hair density stabilises with the 
retention of the newly acquired hairs (Ref. 52). If 
successful, the treatment should be continued 
indefinitely because the balding process continues 
once treatment ceases (Ref. 53). 

Future potential for therapy 
The importance of the elucidation of 
androgenetic alopecia genes 

The discovery of the genes that are involved in 
predisposition to androgenetic alopecia will 



dramatically enhance our knowledge of the 
mechanisms both at the molecular and cellular 
level that result in hair loss. For example, 
identifying the functional sequence change in or 
around the AR gene will lead to the determination 
of the exact differences in androgen-receptor 
proteins between bald and non-bald men. With 
this knowledge, treatments can be designed that 
target and reverse these differences, thereby 
blocking specific hair-loss mechanisms. Current 
pharmaceutical treatments for androgenetic 
alopecia do not target specific cellular 
mechanisms in this way. Rather, they inhibit 
enzymes involved in the increase of androgens 
in the balding scalp; thus, they are suppressive 
rather than curative, with variable rates of success. 

The use of androgen-receptor blockers 

Although the involvement of the AR gene in 
androgenetic alopecia is a recent finding, the 
idea of blocking the action of the androgen 
receptor in an attempt to prevent the action of 
excess DHT in the scalp is not new. However, 
androgen-receptor antagonists that act 
systemically cannot be used to treat men, owing 
to the potential risks of gynaecomastia (an 
excessive development of the male mammary 
glands), feminisation and impotence. Therefore, 
methods must be developed that block the action 
of the androgen receptor only in scalp follicles. 

Knowledge of the sequence differences 
between the AR gene in balding and non-balding 
men would allow the possibility of gene-therapy 
techniques that could selectively deliver the non- 
balding AR gene to hair follicles, preventing hair 
loss without any systemic effects. This possibility 
has been advanced by the development of a 
topical cream containing liposomes to deliver 
entrapped DNA selectively to hair follicles in 
mice (Ref. 54). In this study, the lacZ reporter gene 
was successfully targeted to the hair follicles in 
mice after topical application of the gene 
entrapped in liposomes, demonstrating the 
feasibility in the future of the selective and safe 
targeting to the hair follicles of genes relevant to 
androgenetic alopecia. In addition, the variability 
in the age of onset and severity of baldness among 
individuals indicates that it is likely that various 
numbers and combinations of predisposing genes 
will be identified. Assuming this proves to be the 
case, such treatments could be designed on a 
case-by-case basis to target precisely those genes 
involved in each individual. 
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Conclusions 

Despite the recent research efforts aimed at 
elucidating the mechanisms behind hair loss in 
androgenetic alopecia, there is some way to go 
before a thorough understanding of this condition 
is achieved. Given that androgenetic alopecia is 
heritable, identification of the genes involved 
should lead to a thorough understanding of the 
causes of this condition. Only on the acquisition 
of such knowledge will it be possible to design 
treatments that target the causes. Current 
pharmaceutical treatments are suppressive rather 
than curative, and success is variable. The recent 
association of the gene encoding the androgen 
receptor with androgenetic alopecia might 
provide an incentive for the development of 
better treatments; however, completely effective 
treatments are unlikely to be developed until a 
thorough understanding of this condition is 
achieved at the genetic and molecular level. 
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The Steroid and Thyroid Hormone 
Receptor Superfamily 



Ronald M. Evans 



Analyses of steroid recti 
s tanding molecular 



■s are important fin* under- 



of transcriptionai control, as 
well as providing insight as to how an individual trans* 
acting factor contributes to cell identity and function. 
These studies have led to the identification of a superfami- 
ly of regulatory proteins that include receptors for thy- 
roid hormone and the vertebrate morphogen rctinoic 
add. Although animals employ complex and often dis- 
tinct ways to control their physiology and development, 
the discovery of receptor-related molecules in a wide 
range of species suggests that mechanisms underlying 
morphogenesis and homeostasis may be more ubiquitous 
than previously expected. 



TEROID AND THYROID HORMONES ACT TO COORDINATE 

complex events involved in development, differentiation, and 
physiological response to diverse stimuli. These molecules, 
through binding to specific intracellular receptors, coordinate the 
components of behavioral and physiological re p erto ires by activat- 
ing the expression of gene networks. Thus, the hormone-receptor 
complex may function as a key constituent in determining commit- 
ment to specific cell lineages, as well as provoking differentiation in 
already determined cells. The purposes of this review arc (i) to 
establish the historical perspective that associated these molecules 
with the control of differential patterns of gene expression; (ii) to 
describe the striking evolution of our understanding of the struc- 
ture/function relationships between receptors and the implications 
for regulation of gene activity; and (iii) to present emerging issues 
on the physiology and the molecular basis of hormone action. 



Past 

Diseases that we now understand to be associated with defects in 
steroid and thyroid hormone function were identified relatively early 
in medical history; it was only since the early part of this century mat 
a foundation for physiological studies was supplied by the isolation 
and structural analyses of these hormones. It was known from the 
work of Huxley and others that extracts from thyroids could control 
the metamorphosis of amphibians, but it was not until 191 S that 
Kendall was able to crystallize the molecule involved and show that 
it was composed of two iodinated tyrosine residues (l t 2) . Ten years 
later, both Kendall and Rcichstein completed the structural analysis 
n Cortisol purified from the adrenal cortex, which led to the 
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realization that it was < as arc all other steroid hormones) derived 
from cholesterol (3, 4). While many considered this to be an 
achievement of modern endocrinology, one is humbled by the fact 
that Chinese alchemists (5), for medicinal reasons, developed em- 
pirical methods between the 10th and 16th centuries to purify 
steroids to near homogeneity. 

From the carry 1900s to the present, there has been a tremendous 
increase in our knowledge of endocrine organs and the diverse 
physiology that they coordinate {3, 6). Three major classes of steroid 
hormones have been described on the basis of biological assays: the 
adrenal steroids (induding Cortisol and aldosterone), the sex steroids 
(progesterone, estrogen, and testosterone), and vitamin D 3 . These 
molecules were shown to be profoundly important for correct 
vertebrate development and physiology and, consequently, cadi has 
become a major focus of biological and clinical investigation (7). 
The adrenal steroids widely influence body homeostasis, controlling 
glycogen and mineral metabolism as well as mediating the stress 
response. They have widespread effects on die immune and nervous 
systems and influence the growth and differentiation of cultured 
cells. The sex steroids provoke the development and determination 
of the embryonic reproductive system, masculinize or feminize the 
brain at birth, control reproduction and reproductive behavior in 
the adult, and control development of secondary sexual characteris- 
tics. Vitamin D is necessary for normal bone development and plays 
a critical role in calcium metabolism and bone differentiation. 
Aberrant production of these hormones has been associated with a 
broad spectrum of clinical disease including cancer. 

Both thyroid and steroid hormones can be important in metamor- 
phosis. A thyroidectomized tadpole will not develop to a frog, but 
addition of thyroxin to the water induces all of the changes for 
development to a terrestrial adult (i). Similarly, ecdysteroids act as 
rnetamorphic hormones in insects (8). It was possible to associate 
the action of ecdysone directly to induced changes in chromosome 
structure (8) during ecdysone- induced chromosome puffing, sug- 
gesting a link between steroid hormones and activation of gene 
expression. 

How can small, relatively simple molecules didt such a diversity 
of complex responses? The first clue was provided by the identifica- 
tion of steroid and thyroid hormone receptors through the use of 
radioactivery labeled ligands in the early 1970s (9). In each case the 
hormone induced a change in the receptor such that it associated 
with high-affinity binding sites in chromatin. This, in turn, led to 
the induction or repression of a limited number of genes (approxi- 
mately 50 to 100 per cell) (10). Selectivity is achieved, in part, by 
restricted expression of the different receptors in specific cells and 
tissues. Because the chromatin structure of each cell type is uniquely 
organized, different sets of genes may be accessible to the hormone 

receptor complex. 

Attempts were initiated to purify the steroid and thyroid hor- 
mone receptors despite the sobering realization that these molecules 
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Fig. 1. Alignment of nucleic acid sequences in regions corresponding to 
identified HREs (15— 2S). Numbering refers to nucleotide position relative 
to the start of transcription. Arrows indicate dyad axis of symmetry. A 
consensus sequence is derived from nucleotides conserved with a frequency 
of 50% or more. Specific references for HREs can be found in Fig. 2. GRE, 
glucocorticoid response element; MMTY\ mouse nummary tumor virus; 
nGH, human growth hormone; MSV, murine sarcoma virus; hMTIIA, 
human metallomionctn; TO, tyrosine oxidase; TAT, tyrosine aminotransfer- 
ase; ERE, e str o gen response clement; xVit, Xcnopw vitellogenin; cVit, 
chicken vitellogenin; Oval, chicken ovalbumin; rPrl, rat prolactin; TRE, 
thyroid hormone response clement; and rGH, rat growth hormone. 



were present in only trace amounts (10 3 to 10 4 per cell) and would 
thus require enrichrncnts of 10 3 - to lO^-fbld to achieve homogene- 
ity. The development of high-affinity synthetic analogs of the 
ligands overcame many of the difficulties of receptor isolation and 
has revolutionized both clinical and biochemical studies (6, 7). By 
the early 1980s all but the androgen, rnincraJooorricoid, and thyroid 
hormone receptors were purified (11, 12). Each receptor undergoes 
a structural alteration or "transformation" upon hormone binding, 
which in turn enables DNA binding. Analysis of the purified 
glucocorticoid receptor revealed that DNA binding and hormone 
binding properties, although present in a single molecule, could be 
separated by limited proteolysis, leading to the first suggestion of a 
domain structure (13, 14). 

Purification and biochemical characterization of the glucocorti- 
coid receptor was accompanied by the identification of a variety of 
glucocorticoid-rcsponsive genes (11, 12, IS). Many of these genes 
have been isolated and shown to be transcriptionally regulated by 
glucocorticoids. Gene transfer studies, particularly with the mouse 
mammary tumor virus (MMTV) promoter and the human metal- 
lothionein IIA promoter, identified short ds-acting sequences 
(about 20 bp in size) that are required for hormonal activation of 
transcription (16, 17). The attachment of these elements to an 
otherwise hormone- nonrcs pons ivc gene causes that gene to become 
hormone-responsive (18). These sequences, or hormone response 
elements (HREs), function in a position- and orientation- indepen- 
dent fashion and thus behave like transcriptional enhancers (19, 20). 
Unlike other enhancers, their activity is dependent upon the pres- 
ence or absence of ligand. These studies suggest that transcriptional 
regulation derives from the binding of hormone-receptor complexes 
to HRE sites on DNA. This interpretation has been verified by in 
vitro footprint analyses which reveal that purified glucocorticoid, 
estrogen, progesterone, and thyroid hormone receptors bind to the 



upstream DNA of responsive genes at sites which correspond to the 
genetically identified HREs (16, 19-25). The apparent dyad sym- 
metry of these elements (Fig. 1) suggests that they interact with 
receptor dimers. 



Present 

Comparative anatomy. Analysis of the hormone receptors is essen- 
tial for understanding both the origins of complex regulatory 
systems and how they contribute to the maintenance of the orga- 
nism. The isolation of steroid receptor complementary DNA* 
(cDNAs) has identified a family of related genes that bind ligands of 
remarkable diversity. The interaction between steroid receptor 
genes, the generic circuits that they control, and their contributions 
to spatial organization in the embryo and organ physiology in the : . 
aduh can now be elucidated. 

The expression cloning of the human glucocorticoid receptor 
(hGR) provided the first completed structure of a steroid receptor 
and revealed a segment with astonishing rclaredncss to the viral 
oncogene crbK (26-28). This relationship of the hormone receptors 
to erbK was mdependendy confirmed by the cloning of the human 
estrogen, progesterone, aldosterone, and vitamin D receptors (29- 
36). Two groups initiated the characterization of the rrM proto- 
oncogene product that led to its startling identification as the 
thyroid hormone receptor (37, 38). This represented a critical 
advance, for it suggested a unifying hypothesis for receptor structure 
and hormone action. 

Although steroid and thyroid hormones are neither structurally 
nor biosyntheticaJry related, the existence of a common structure for 
their receptors supports the proposal that there is a large supcrfamiry 
of genes whose products arc ligand- responsive transcription factors. 
The presence of a highly conserved DNA sequence element initiated 
searches for such cryptic re ce ptor genes. By means of low stringency 
hybridization techniques at least five new gene products have been 
identified. Two of these, referred to as estrogen receptor-related 
genes 1 and 2 (ERR1 and ERR2), are more related to the steroid 
than to the thyroid hormone receptors but do not bind any of the 
major classes of known steroid hormones (39). The remaining are 
closer to the thyroid hormone receptor. Indeed, one of them is a 
second thyroid hormone receptor (40, 41). Another is the apparent 
receptor for the vitamin A— related metabolite retinoic acid (42, 43). 
The third is doscly related to the receptor for retinoic acid; although 
its ligand is not known {44, 45) the receptor has been implicated in 
the etiology of hepatocellular carcinoma, and has been named HAP. 

The recent characterization of the E7S locus from Drosopbila 
predicts the existence of a protein with overall structural properties 
similar to the steroid and thyroid hormone receptors (46). Structur- 
al comparisons of the £75 gene product with the vertebrate 
hornologs indicate remarkable relatedness to the thyroid hormone 
and vitamin D receptors. Perhaps this is a receptor for the insect 
steroid ccdysone or the isoprcnoid juvenile hormone. 

Schematic results of molecular cloning studies arc presented in 
Fig. 2 in which the molecules have been aligned on the basis of 
regions of maximum protein homology (47). The numbers indicate 
the extent of sequence identity to the hGR. The central core 
sequence is rich in Cys, Lys, and Arg residues and is highly 
conserved (homologies ranging from 42 to 94%). The homology in 
the ligand- binding domain is more graded and generally parallels 
the structural relatedness of the hormones themselves. Although the 
NH 2 -texminus is not conserved, it may contribute to important 
functional differences between receptors. 

Functional domains. The classic model for steroid/thyroid hor- 
mone action proposes that binding of the ligand to the receptor 
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induces an ailostcric change chat allows the receptor- hormone 
complex to bind to its DNA response element in the promoter 
region of a target gene. It is this binding that leads to modulation of 
gene expression. The cloning of receptor cDNAs provides the first 
opportunity to dissect the molecular basis of steroid action. 

The identification of functional domains for hormone binding, 
DNA binding, and transactivarion was facilitated by a screening 
assay that uses cultured ceils transacted with two DNA expression 
vectors (Fig. 3). The trans- vector provides for the efficient produc- 
tion of the receptor in cells that do not normally express the receptor 
gene. The ds-vector contains a luciferase gene (or any other easily 
monitored function) coupled to a hormone-responsive promoter. 
Applications of hormone or an experimental agonist will activate the 
luciferase gene, causing light to be emitted from cell extracts. The 
level of light emitted is directly proportional to the effectiveness of 
the hormone receptor complex in activating gene expression. 

In the case of the glucocorticoid receptor, the ds-vector contains 
the mammary tumor virus (MTV) promoter, which has a well- 
characterized glucocorticoid response element (GRE). In the cr> 
transfection assay, expression of the cis- vector is induced about S0O- 
fbld in a hormone-dependent fashion. By means of this assay it is 
possible to investigate the effects of in vitro mutations on receptor 
activity. 



Sequence comparisons in combination with related functional 
studies have given rise to an em ergi ng picture for a common 
structure for the receptor superfamily gene products (Fig. 2). An 
unexpected and revealing result from the mutational studies is that 
loss of a portion of the hormone-binding region of the glucocorti- 
coid receptor engenders a constitutively active molecule {48, 49). 
The results provide the first mechanistic insight into the process of 
activation: neither the steroid-binding domain nor the steroid 
hormone itself is needed for DNA binding or transcriptional 
enhancement. Instead, it seems that the hormone-binding region 
normally prevents the domains for DNA binding and transcriptional 
activation from functioning. The addition of hormone apparently 
relieves this inhibition (50, 51). 

Our initial suspicion was that the DNA- binding domain is 
included within the highly conserved central core of the protein. 
Three features supported this suggestion: (i) the clustering of basic 
residues likely to interact with DNA, (ii) the presence of a Cys-rich 
motif, and (iii) the high homology of this core among receptors 
(27). To test this assignment, different parts of this region were 
mutated {48, 49, 52, 53). Mutants continue to bind hormone, 
indicating that the structure of the protein is intact; however, they 
do not bind DNA. A direct proof of function was provided by 
substituting the putative DNA-binding domain of the human 
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Fig. 2. Schematic amino acid comparison of members of the steroid 
hormone receptor supcrramUy. Primary amino acid sequences have been 
aligned on the basis of regions of maximum amino acid similarity, with the 
percentage amino acid identity indicated for each region in relation to the 
hGR <55). Domains shown arc a domain at the KH 2 - terminal end, required 
for "Maximum activity"; the 66— to 68-amino acid DNA-binding core 
("DNA"); and the 2S0-amino acid horrnone-biriding domain ("Hor- 
mone")- The amino acid position of each domain boundary is shown. Amino 
A numbers for all receptors represent the human forms with the exception 
v-*?*A and E75 (46). Functional assignments have been determined by 
crtaracterizarion of the glucocorticoid and estrogen receptors. Designations 
arc as follows: GR, glucocorticoid receptor; MR, rnincraiocortkoid recep- 
tor; PR, progesterone receptor; ER, estrogen receptor; ERR1 or ERR2, 
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estrogen receptor-related 1 or 2; VDR, vitamin D 3 r eceptor ; and T,R^ and 
T 3 R«, thyroid hormone receptors. The (+) or (-) indicates whether a 
particular property has been demonstrated for the products of doocd 
receptor cDNA or with purified receptor. HRE, hormone response clement. 
This relates to whether the binding site has been identified structurally and 
whether its enhancement properties have been demonstrated by gene 
transfer studies. For PR, DNA-binding properties have been shown only 
with the native purified receptor. "Hormone binding in vitro" indicates 
whether this property has been demonstrated by translation in a rabbit 
reticulocyte rysatc system {26). "Hormone binding in vivo" refers to 
of the doocd receptor in rxansfected cells. **ChrorjK)S€jfnc N 
i the human chromosome location. Species arc as follows: h, human; 
r, rat; m, mouse; c, chicken; and d, DresopbUm. 
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Fig. 3. The cotransfce- 
tion assay. Cultured cells 
arc rransfected with the 
receptor cDNA in an 
expression vector (the 
trans- vector). The func- 
tion of this transcription 
factor can be monitored by the activity of a re porter gene (the luciferasc 
gene) linked to an appropriate hormone- responsive promoter. In this case, 
the promoter is from the MMTV virus carrying a GRE enhancer. The trans- 
vector encodes the bGR, shown combining with the steroid hormone 
(triangle). 
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Fig. 4. The finger swap. 
The modular structure 
of the steroid receptors 
allows the exchange of 
one domain for another 
to create a runcoonal hy- 
brid. Thus, if the DN A- 
binding domain of a can- 
didate receptor is substi- 
tuted with the corre- 
sponding region from 
the glucocorticoid recep- 
tor, the resulting chimer- 
ic receptor should stimulate the MTV promoter when exposed to the 
appropri at e UgancL This approach was used to functionally identify the 
rctirKMC acid receptor (42, 43) and alter the binding specificity of the 
estrogen receptor {54). 



estrogen receptor (hER) with that of the hGR, resulting in a hybrid 
receptor with the predicted switch in template specificity (54). This 
suggested a general strategy, referred to as the finger swap, which 
has been successfully exploited to characterize novel hormone 
receptors (Fig. 4). 

These issues raise die question of whether there arc structural 
aspects of the DNA-binding region that can explain its properties. 
The most striking feature is the conservation of Cys residues. A 
comparison of the amino acid sequences in the DNA-binding 
domain of the hormone receptors (Fig. 5) reveals significant identity 
and similarity over these evolutionary divergent molecules. Out of 
65 residues, 20 are invariant, an additional 7 are conserved in 7/8 of 
the gene products, and more than half arc conserved in 5/8 of the 
molecules. Nine of the invariant residues are Cys, with one invariant 
His (Fig. S). The positioning of the residues is similar to a motif 
originally observed in the 55 gene transcription factor TFII1A (55) 
in which multiple Cys- and His- rich repeating units apparently fold 
into a "fingered 7 ' structure coordinated by a zinc ion (Fig. 5). This 
finger of amino acids is proposed to interact with a half turn of 
DNA. 

Arc such structures important for receptor function? Several 
results imply they arc (see (56) for review]. Sire-directed mutagene- 
sis has shown that conserved Cys residues are required for DNA 
binding (54, 57). Furthermore, recent evidence suggests that the 
binding of zinc by the receptors is required for DNA binding in 
vitro (58). Genomic analysis indicates that fingers arc encoded by 
separate exons (36, 59) and an examination of the proposed 
structure suggests that these fingers are structurally distinct (56). 
This is most readily seen by the spacing between the cysteines that 
would be involved in the putative zinc coordination complex. In 
addition, comparative studies show that the more NH 2 -tcrminal 
"first finger 0 is more highly conserved among receptors than the 
more CXX>H-terminal "second finger.*' The first finger is relatively 
more hydrophilic and has few bask amino acids that might be 
expected to interact with DNA. The second finger is rich in Lys and 
Arg residues and is highly bask. Although attention has been 
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focused on zinc fingers, the residues between the two fingers and the 
residues immediately after the second finger arc also highly con- 
served. This raises the possibility that these stretches mediate part of : 
the DNA-binding function. 

In contrast to the highly conserved DNA-binding domain, the 
NHrtcrminal extension of the receptors is hypcrvariabk in size and 
amino arid composition (Fig. 2). Nevertheless, evidence suggests it 
contributes to function. Deletions in this region of the glucocorti- 
coid receptor reduce activity by 10- to 20- fold (48, 60). Generic 
evidence for a functional role for the NH 2 -terminu5 also comes from 
analysis of the NT (nuclear transfer increased) glucocorticoid 
receptor mutants (61). NT glucocorticoid receptors appear to 
contain an altered NH 2 - terminus and, although they can bind 
hormone, they arc not biologically functional. Similarly, an estrogen 
receptor with an NHrterminal deletion is abk to regulate the 
vitellogenin promoter in a normal fashion, but is tenfold less active 
in regulating the expression of the estrogen -responsive promoter 
p52 (62). Finally, preliminary evidence with the progesterone 
receptor indicates that the A and B forms, which differ by 128 
amino adds at the NH 2 -tcrminus, may have strikingly different 
capacities to regulate gene expression (63). Such results further 
support the hypothesis that this domain may modulate receptor 
function by influencing rransacavatkm, DNA binding, or both. 

Subfamilies and supcrfumilics. The standing discovery of a common 
structure for the steroid and thyroid hormone r eceptors and our 
ability to isolate new receptors by homology suggest that other 
proteins that contain similar structural features are likely to be 
hormone- or ligand- responsive transcription factors {LTFs). Appar- 
ently it is the analogous action of the hormones that is reflected in 
the homologous structure of their receptors. An extension of this 
proposal predicts that other small, hydrophobic molecules may 
interact with structurally related intracellular receptors. For exam- 
ple, production of cholesterol is regulated by feedback mechanisms 
that maintain overall levels by monitoring dietary intake and 
controlling synthesis accordingly (64). Recent evidence demon- 
strates that at least some of this regulation is transcriptional (65). 
Since cholesterol is structurally related to steroid hormones, and 
indeed serves as their btosynthctk precursor, it seems logical to 
predict both the existence of a cholesterol rec epto r and its member- 
ship in this supcrfamily. The herbicide TCDD (dioxin) shows dose 
structural relatedncss to thyroid hormones and mediates a variety of 
metabolic effects as a consequence of its action on gene expression. 
A dioxin receptor has been identified (66), and it now seems likely 
that this receptor too, will ultimately be part of the LTF superfami- 
ly. One of the major issues to arise out of the characterization of this 
receptor is whether dioxin acts as an agonist or an antagonist for a 
natural endogenous ligand. Further investigation of this could reveal 
the existence of a new hormone that may have valuable physiologic 
and clinical implications. 

Preliminary evidence suggests the existence of additional mem- 
bers of the LTF family. For example, the integration of the hepatitis 
virus in a human liver carcinoma identified a genetic locus (HAP) 
with striking homology to the DNA-binding fingers of the steroid 
and thyroid hormone receptors (45). Aberrant expression of HAP 
could possibly be involved in tumor formation. Indeed, if this locus 
encodes a new hormone receptor, what might its ligand be? Strong 
homology to the rctinoic arid receptor hints that the product of the 
HAP locus may bind a related molecule, possibly rctinoic acid itself. 
By extension, the identification of genes for new receptors, by means 
of tow-stringency hybridization techniques, promises to be an 
exciting area. Already, two novel gene products related to the 
estrogen receptor have been identified (Fig. 2) (39). Is their 
expression tissue -specific? Do they bind e st rog en ? Might they bind 
other sex steroids and help to identify new hormone response 
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systems? Such discoveries arc likely to have an impact on health and 
human disease as well as expand our knowledge of baste human 
physiology. 

Remarkably, single Ugands may have multiple receptors. Current- 
two thyroid hormone receptors have been identified and there 
y be more (37, 40, 41). What could the advantages be to having 
different receptors for the same hormone? One possibility is that 
they arc expressed in a tissue-specific fashion. This notion has 
already been confirmed by the identification of an abundant neuro- 
nal form of the thyroid hormone receptor {40). Second, it is possible 
that they respond differently to thyroid hormone metabolites. 
Third, since their DN A- binding domains differ slighdy, they might 
activate overlapping, yet partially distinct, generic networks. Finally, 
multiple thyroid receptor genes provide multiple promoter en- 
hancers that might be responsive to distinct metabolic or hormonal 
regulators. 

The protein product of v-erb\ is a derivative of the thyroid 
hormone receptor that has been proposed to promote leukcmogene- 
sis by acting as a thyroxin- independent transcription factor (37, 38). 
By unknown means, changes in the ligand-binding domain of the 
protein apparendy activate the receptor, perhaps by forcing it into a 
configuration similar to that achieved by the binding of its physio- 
logical ligand. The activation ofcrbk may therefore be an example of 
how the loss of alios teric control can confer pathogenicity on the 
product of a proto-oncogene. In vitro studies already indicate that 
altered glucocorticoid receptors can be biologically active. It thus 
seems likely that truncations or mutations in other hormone recep- 
tors could lead to activated states perturbing homcostatic balance 
and abetting tumor progression. Although lacking decisive evi- 
dence, we can suggest that mutations in the estrogen and androgen 
receptors may contribute to the conversion of steroid-dependent 
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Rg. 5. (Top) Amino add sequence comparison of DNA-binding domains. 
A computer program for the concurrent comparison of three or more amino 
acid sequences was used (47). Amino acid residues matched in at least five of 
the eight polypeptides arc boxed and designated in the consensus (Con) 
sequence. Hyphens indicate divergent sequences; gaps indicate no compara- 
ble amino acids. Absolutely conserved residues arc in bold print. (Bottom) 
Hypothetical structure of the DNA-binding domain of the hormone recep- 
This domain is configured into two putative zinc-binding fingers with 
.„ zinc ion forming a tetrahedraJ coordination complex with Cys residues, 
cmativc coordination positions might indude the Cys in the second 
finger and its proximal Cys, shortening the finger and shifting the Last 
conserved Cys into the "trailer" region. 
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breast rumors and prostate rumors to hormone- independent growth 
(67). As previously mentioned, the integration site of the hepatitis 
virus in a human tumor may lead to the identification of a new 
receptor in which a genetic lesion is associated with malignant 
transfbrmadon. A critical step will be the demonstration that mutant 
receptors contribute to tumorigencsis. It will then be necessary to 
determine how they exert their effects, whether it simply involves 
the constitutive activation of hormone-responsive genes or whether 
it includes an altered substrate specificity so that new genes come 
under the regulation of mutated r eceptors. Once a generic lesion has 
been identified, this mrbrmation can be used to contribute to 
diagnosis and treatment. 

Although for many decades it has been understood that sex 
steroids can influence behavior, the role of other hormones in 
neurologic function is controversial. Since the 19th-century discov- 
ery by Addison of adrenal insufficiency {68), glucocorticoids have 
been associated with patients* inability to concentrate, drowsiness, 
restlessness, insomnia, irritability, apprehension, disturbed sleep, 
and possibly psychotic episodes and manic-depressive disorders. The 
effects of thyroid hormones on neuronal development and the high 
level of expression of the thyroid hormone receptor in the adult 
nervous system lead to the prediction that aberrant hormonal 
production, variation in receptor expression, or receptor mutations 
influencing hormone-binding properties could mediate aberrant 
metabolic effects in the central nervous system (69). Thus, an 
important future area of investigation is the contribution of recep- 
tors to the etiology of psychiatric disorders. 

Ontqgcny and physiology. Although it is widely believed that 
differential regulation of gene expression is the critical level at which 
carry development is controlled, this does not provide a conceptual 
framework for the process by which spatial organization is achieved. 
Despite excellent evidence for graded positional information in 
Drcsophila and nematodes, it is unclear how this relates to morpho- 
genic signals in vertebrates. One long-standing theory is that pattern 
formation is achieved by the establishment of a gradient of a 
diffusable substance or morphogen. Work by numerous laboratories 
over the last several years has indicated that rctinoic acid manifests 
morphogenic properties. Recently, Thaller and Eichcle (70) demon- 
strated that rctinoic acid is indeed the substance responsible for 
establishment of the anterior-posterior axis in the developing chick 
limb bud. The ability of rctinoic acid to induce differentiation in 
teratocarcinoma cells (71) to parietal endodcrm suggests a role for it 
in the earliest stages of embryonic development. 

The discovery of the rctinoic acid receptor (42, 43) was made 
possible from the demonstration that conserved regions in the 
receptors correspond to discrete functional domains. Thus, by 
exchanging the DNA-binding domain of the rctinoic receptor for 
the comparable region from the glucocorticoid receptor, a hybrid 
molecule was generated that activates G RE- responsive promoters 
(such as the MMTV-LTR) in response to rctinoic acid (Fig. 4) (42). 

By analogy with steroid receptors, we can propose that the 
interaction of rctinoic acid with its intracellular receptor triggers a 
cascade of regulatory events that results from the activation of 
specific sets of genes. Thus, for the first time in a vertebrate system, 
it should be possible to investigate the mechanism of morphogenesis 
by identifying a discrete complement of developmental control 
genes. 

With regard to establishment of spatial information, one obvious 
question is whether there is a gradient of receptor itself. Further- 
more, preliminary results reveal the presence of related genes. Might 
there be receptors for other morphogens and do they also contribute 
to development? 

Mechanisms. What arc the molecular interactions between the 
ligand and the receptor that lead to activation? Once activated, how 
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docs this molecule find a particular binding site and what is the 
detailed nature of the DNA-protcin interaction? What is the molec- 
ular interaction between the receptor and the transcriptional ma- 
chinery? How do receptors and their potential interaction with 
other transactivators cause RNA polymerase II to initiate transcrip- 
tion? It must be emphasized that steroid and thyroid hormones can 
repress gene expression as well as activate it. It is important to 
determine whether repression and activation arc mediated by the 
same types of DN A sequences and whether other protein factors arc 
involved. 

Once a receptor is bound to DNA, how does it activate transcrip- 
tion? Molecular interactions with cognate binding sequences have 
been analyzed for the transcriptional regulatory proteins lac, X, and 
cto (72). Because the DNA-binding domain of the hormone 
receptors is fundamentally different from that of these molecules 
(which employ a hclix-tum helix motif), it will be necessary to co- 
crystallize the receptors with cognate DNA-binding sites. These 
studies, along with site-directed mutagenesis of the receptor, should 
provide information on how the protein recognizes DNA, but may 
not reveal the dynamics of transacrivation. It will be necessary to 
determine whether transaenvation and DNA binding can be sepa- 
rated as they have been in other regulatory proteins such as GAL4 
and GCN4 (73, 74). Assuming these functions arc separable, it 
should be possible to identify receptor variants that bind normally to 
DNA but fail to transactivatc (48, 52, 62). On the basis of this 
knowledge it will then be necessary to develop techniques to 
characterize the activation process itself. Does the receptor associate 
with other transcriptional regulatory proteins? Docs this occur 
before the receptor binds to its HRE? Must the receptor remain 
bound to the DNA template for the associated gene to remain active 
or can a transiently bound receptor initiate permanent structural 
change? 

The identification of a transacrivation function (ti) in the NH 2 - 
tcrminus of the glucocorticoid receptor leads to an unexpected 
conclusion (52). Since the NH 2 -terminus is not conserved among 
different receptors, they each may achieve this function by distinct 
means. It has been suggested that the activation domain of yeast 
GAL4 includes a stretch of acidic amino acids configured in an 
amphipathic o helix (75). Apparently, overall structural features arc 
critical, rather than the specific sequence. Likewise, the ti region is 
acidic and so is the activation domain of another yeast regulator, 
GCN4 (74). It remains to be seen if acidic domains embody the 
activation function of all the steroid receptors. If so, it might suggest 
that diverse groups of regulatory proteins from yeast to man employ 
a remarkably conserved approach to transcriptional control. If the 
receptors interact with other proteins through acid domains, it will 
be necessary to purify and characterize these molecules. Ultimately 
the role of individual components and the mechanism of transacriva- 
tion must be confirmed by the development of receptor-dependent 
in vitro transcription systems. 



Conclusion 

In the 1920s, T. H. Morgan, who explored a generic approach to 
development, asserted that to understand development one must 
understand the molecular basis of differential gene expression (76). 
Although animals develop in very diverse ways, the discovery of 
rcccptor-relatcd molecules in a wide range of species suggests that 
molecular mechanisms underlying developmental and physiological 
homeostasis may be much more universal than was previously 
suspected. The cloning of the steroid and thyroid hormone recep- 
tors marks an important step forward in understanding fundamental 
mechanisms of gene regulation as well as hormone action. The 
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paradoxical and reciprocal effects of gene regulation on the cell ; 
that of the cell on the gene embody functional physiology in a> 
profound sense. For this paradox reflects both the irreversible 
changes of embryonic development as well as the recurrent changes 
in organ physiology in the adult. 
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Global Sea Level and Earth Rotation 



W. R. Peltier 



Recent analyses of long time scale secular variations of sea 
level, based on tide gauge observations, have established 
that sea level is apparently rising at a globally averaged 
rate somewhat in excess of 1 millimeter per year. It has 
been suggested that the nonstcric component of this 
secular rate might be explicable in terms of ongoing mass 
loss from the small ice sheets and glaciers of the world- 
Satellite laser ranging and very long baseline interferomc- 



try data may be used to deliver strong constraints on this 
important scenario because of the information that these 
systems provide on variations of the length of day and of 
the position of the rotation pole with respect to the 
earth's surface geography. These data demonstrate that 
the hypothesis of mass loss is plausible if the Barents Sea 
was covered by a substantial ice sheet at the last maximum 
of the current ice age 18,000 years ago. 



DU1UNG THE PAST 100 YEARS, GLOBAL SEA LEVEL HAS 
apparently risen by 10 to 15 cm, roughly 50% of which is 
attributed to the thermal expansion of the oceans (1-3). As 
recently discussed by Meier (4), the remainder, although usually 
attributed to ongoing melting of the Antarctic and Greenland ice 
sheets, is more satisfactorily understood as a product of the present- 
day retreat of the small ice sheets and glaciers of the world. The 
reason for this is that the best available information on the contem- 
porary mass balances of the large polar ice sheets suggests that they 
arc near equilibrium, whereas most of the smaller systems are known 
to be in active retreat. If Meier's hypothesis is correct, it has 
important implications with respect to climate change since one 
might attribute the ongoing melting of the small ice sheets and 



The author is professor of physics in die Department of Physics of the University of 
Toronto, Toronto, Ontario, Canada M5S 1A7. 

13 MAY 1988 



glaciers to the climate warming expected on the basis of the increase 
in atmospheric concentrations of C0 2 and other "greenhouse" gases 
that has been taking place since the beginning of the industrial 
revolution as a result of the burning of fossil fuels. 



Relative Sea Level and Glacial Isostasy 

Although the tide gauge data that have been employed to infer the 
existence of the above-noted secular rate of sea level rise are often 
strongly contaminated by geological processes, certain regions arc 
sufficiently immune from such processes that the tide gauge records 
from them arc especially valuable as measures of the eustatic 
variation. These records arc probably more meaningful as measures 
of this variation than the direct global average of the secular rates 
that has usually been calculated (3). Passive continental margins 
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Topical Cyproterone Acetate Treatment 
in Women With Acne 

A Placebo-Controlled Trial 

Doris M. Gruber, MD; Michael O. Sator, MD; Elmar A. Joura, MD; Eva Maria Kokoschka, MD; 
Gcorg Hdnze, MSc; Johannes C. Ruber, MD, PhD 



Objective: To evaluate the clinical and hormonal re- 
sponse of topically applied cyproterone acetate, oral cy- 
proterone acetate, and placebo lotion in women with 
acne. 

Design: Placebo-controlled, randomized study. 

Setting: Patients were recruited from the Institute of En- 
docrine Cosmetics, Vienna, Austria. 

Patients: Forty women with acne. 

Interventions: Treatment with oral medication con- 
sisting of 0.035 mg of ethinyl estradiol and 2 mg of cy- 
proterone acetate (n=12), 20 mg of topical cyproterone 
acetate lotion (n= 12), and placebo lotion (n= 16) was of- 
fered. Patients were assessed monthly for 3 months. 

Main Outcome Measures: Clinical grading accord- 
ing to acne severity and lesion counts as well as deter- 
minations of serum cyproterone acetate concentrations. 



Results: After 3 months of therapy with topical cypro- 
terone acetate, the decrease of mean facial acne grade from 
1 .57 to 0.67 was significantly better (P<.05) compared with 
placebo (which showed a change from 1.57 to 1.25), but 
not compared with oral medication (1.56 to 0.75) (P >.05). 
Lesion counts also decreased from 35.9 to 9.1 in the topi- 
cal cyproterone acetate group compared with oral medi- 
cation (45.4 to 15.5) (P>.05) and placebo (38.2 to 23.1) 
(P<.05). After topical cyproterone acetate treatment, se- 
rum cyproterone acetate concentrations were 10 times lower 
than those found after oral cyproterone acetate intake. 

Conclusions: The therapeutic effect of topically ap- 
plied cyproterone acetate for acne treatment was clearly 
demonstrated. Topically applied sexual steroids in com- 
bination with liposomes are as effective as oral antian- 
drogen medication in acne treatment, while reducing the 
risk of adverse effects and avoiding high serum cypro- 
terone acetate concentrations. 

Arch Dermatol. 1998;134:459-463 
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Hormonal approaches to 
the treatment of acne have 
been the subject of much 
interest ever since the se- 
baceous gland was dem- 
onstrated to be sensitive to androgens. The 
use of topical antiandrogens has had theo- 
retical appeal since the pilosebaceous unit 
was found to be an androgen-dependent 
structure. Unfortunately, however, this 
theory has not been translated into clinical 
practice. 

17(i-Estradiol and progesterone have 
long been applied topically in the treat- 
ment of acne. The reasons for using topi- 
cal rather than oral therapy include the 
avoidance of hepatic metabolism, the re- 
duced risk of systemic adverse effects, the 
ability to combat acne in both female and 
male patients, and the lack of a contracep- 
tive effect in women. It is known that cy- 
proterone acetate is effective when given 
orally. However, trials using topical cypro- 
terone acetate have not proved successful 



because of the lack of a suitable vehicle for 
transdermal treatment. 1 ' 2 Cyproterone ac- 
etate is a potent steroidal antiandrogen with 
progestational activity. It is used alone or 
in combination with ethinyl estradiol or es- 
tradiol valerate in the treatment of women 
suffering from disorders associated with an- 
drogenization, eg, acne or hirsutism. Cy- 
proterone acetate competes with dihy- 
drotestosterone for the androgen receptor 
and inhibits translocation of the hormone 
receptor complexmto the cell nucleus. 3 

This study was undertaken to con- 
sider once again a cyproterone acetate for- 
mulation delivered to the skin surface, thus 
approaching the target cell topically and by- 
passing the enterohepatic circulation. The 
aim of this open, placebo-controlled study 
was to compare the effectiveness of topi- 
cal cyproterone acetate, an oral formula- 
tion containing 0.035 mg of ethinyl estra- 
diol and 2 mg of cyproterone acetate 
(Dianemite, Schering, Vienna, Austria), and 
a placebo preparation in women with mod- 
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PATIENTS AND METHODS 

Forty-five women aged between 26 and 38 years (mean age, 
30.3 years) with moderate to severe acne who consulted 
the endocrinology outpatient department for a hormonal 
evaluation and treatment of their acne were enrolled in this 
3-month trial. 

Informed consent was obtained from all the patients, 
and the study was approved by the local ethics committee. 
Patients with medical contraindications to the therapy or 
unwilling to smoke less than 5 cigarettes daily were not in- 
cluded in the study. Patients were required to use barrier 
contraception during the treatment period. All acne medi- 
cation had been stopped 6 weeks before the commence- 
ment of the study. 

During the initial visit, the patients were randomly as- 
signed to 1 of the 3 treatment groups. One group (n=12) 
received an oral contraceptive regimen for 3 months, with 
administration of a daily dose of 0.035 mg of ethinyl estra- 
diol and 2 mg of cyp rote rone acetate for the first 21 days of 
the menstrual cycle, followed by a 7-day pill-free interval. 
The first treatment cycle started on the first day of men- 
strual bleeding. The second group (n=12) used a topical cy- 
proterone acetate lotion, with treatment starting on the first 
day of menstrual bleeding and being taken continuously for 
3 months. The topical lotion was self-applied once daily in 
the evening, to the face only, with a calibrated pipette. The 
daily amount of cyproterone acetate liposome lotion used 
was 10 mL, containing 20 mg of cyproterone acetate. Lipo- 
some lotion consisted of soybean oil, eilecithin, glycerol, and 
oleic acid (Leopold Pharma, Graz, Austria). 

The third group (n= 16) used a placebo liposome lo- 
tion containing soybean oil, eilecithin, glycerol, and oleic 
acid without the active substance; it was applied as in the 
topical cyproterone acetate group. 

Acne severity on the face was graded according to the 
method of Burke and Cunliffe, 4 with the individual scores 
added up to yield a total result. Four sites on the face (chin, 
forehead, and left and right cheeks) were graded. The mean 
value from this grading was used for further calculations. 
In addition, numbers of macules, papules, pustules, nod- 
ules, and cysts on the face were counted by the same der- 
matologist (E.M.K.) at each visit. Lesion counts were de- 
fined as the total of comedones and inflammatory lesions. 
Only 3 of the patients had few inflammatory lesions, and 
their counts were thus added to the noninflammatory le- 
sions. Acne on other parts of the body was not evaluated 
in this study. Assessments were done during the midpoint 
of the menstrual cycle, ie, between days 10 and 19, with 
day 1 being defined as the first day of menstrual bleeding. 
Before commencement of the trial, all patients underwent 
2 baseline examinations performed 1 week apart. Progress 
assessments were made midway through the first, second, 
and third cycles of treatment. Forty women completed the 
trial, and their data were included in the final analysis. Five 
patients dropped out before the end of treatment. 



erate to severe acne. Moreover, we evaluated in a prelimi- 
nary study the serum cyproterone acetate levels after 
transdermal application and compared them with levels 
obtained by administration of an oral preparation con- 
taining 0.035 mg of ethinyl estradiol and 2 mg of cypro- 
terone acetate. 



TOPICAL APPLICATION 

OF CYPROTERONE ACETATE 

The application system was similar to that used for topical 
170-estradiol and topical 17a-dihydrotestosterone stud- 
ies. Pharmacokinetic details for these steroidal substances 
have been described previously. 5 6 Because cyproterone ac- 
etate is a lipophilic steroid, a similar absorption rate was 
assumed. The daily transdermal cyproterone acetate dos- 
age was 20 mg, based on a similar formulation combining 
soybean oil, eilecithin, glycerol, and oleic acid. 

Liposomes were used to improve the transdermal pen- 
etration of theantiandrogen. Topical application of cypro- 
terone acetate in patients with acne had been attempted be- 
fore, but the clinical results were discouraging. 

SERUM CYPROTERONE ACETATE LEVELS 

Serum levels of cyproterone acetate were determined in 5 
patients in the topical cyproterone acetate group both be- 
fore treatment and 3 months after study entry, with blood 
samples taken exactly 45 minutes after the last topical cy- 
proterone acetate application. Baseline scrum cyproter- 
one acetate concentrations were below the detection limit. 
Serum cyproterone acetate levels were measured by radio- 
immunoassay, by a dextran-coated charcoal method. Ali- 
quots of serum (0.1 mL) were diluted with physiological 
saline to a final volume of 0.5 mL. After extraction with 
2.5 mL of diethyl ether, the ether phase was separated and 
fully evaporated, and the residue was reconstituted with 
0.8 mL of an assay buffer. This solution was incubated with 
0.1 mL of tritiated cyproterone acetate (specific activity, 
0 84 GBq/mg; Schering AG, Berlin, Germany) and 0. 1 mL 
of antiserum (batch C003, Schering AG) at 4°C for 16 hours, 
mixed with 0.2 mL of dextran-coated charcoal, and vor- 
texed. After 15 minutes at 4°C, the mixture was centri- 
fuged. The supernatants were decanted into liquid scintil- 
lation vials and mixed with 4.5 mL of scintillation cocktail. 
The radioactivity was measured on a scintillation counter. 
To obtain the standard curves, 1 mg of cyproterone ac- 
etate was dissolved in methanol and diluted with assay 
buffer, yielding final concentrations ranging from 39 to 
10 000 pg/mL. In addition, a drug-free sample (0 pg/mL) 
was used. Calibration and samples were analyzed in du- 
plicates. A spline function was used for the evaluation of 
the data. The interassay and intra-assay coefficients ranged 
from 5.0% to 13.0%. The mean blank value for blank con- 
trol samples was found to be 28 pg/mL. 

STATISTICAL METHODS 

Overall significance of the group effect was evaluated by analy- 
sis of variance. Pairwise comparisons between groups were 
made by Student t tests for mean comparison. A P value less 
than .05 was considered to indicate significance. The pro- 
gram used for statistical analysis was SAS/PROC GLM (SAS/ 
STAT software, version 6, SAS Institute Inc, Cary, NC, 1989). 



1 


RESULTS 









Of the 45 patients who entered the study, 40 completed 
the 3 cycles of treatment and were included in the 
analysis (12 receiving oral cyproterone acetate, 12 re- 
ceiving topical cyproterone acetate, and 16 receiving 
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Table 1. Clinical Features of Patients in the Trial 



Mean (Range) 



Therapy 



No. of Patients 
Entering Trial 
(No. Completing) 



Facial Acne Grade 



Lesion Count 



Age, y Weight, kg Baseline 1 mo 



2 mo 



3 mo 1 Baseline 1 mo 2 mo 3 mo 



Oral cyproterone 

acetate 
Topical cyproterone 

acetate 
Placebo 



14(12) 
13(12) 
18 (16) 



29.4 
(26-37) 

31.3 
(26-38) 

30.3 
(26-38) 



58.2 
(55.7-61.4) 

63.1 
(55.3-77.3) 

67.0 
(55.1-77.5) 



1.56 
(1.55-1.58) 

1.57 
(1.56-1.58) 

1.57 
(1.54-1.59) 



1.22 
(1.18-1.24) 

1.16 
(1.10-1.18) 

1.39 
(1.30-1.45) 



1.15 
(1.12-1.17) 

1.12 
(1.10-1.15) 

1.30 
(1.28-1.40) 



0.75 
(0.20-0.97) 

0.67 
(0.59-0.80) 

1.25 
(1.22-1.28) 



45.4 
(30-58) 

35.9 
(28-59) 

38.2 
(29-47) 



: 33.5 
(21-42) 
: . 21.8 
U12-40) 

32.4 
(25-42) 



24.8 
(16-35) 

17.7 
(9-33) 

27.6 
(21-35) 



15.5 
(11-21) 

9.1 
(3-20) 

23.1 
(17-30) 




Figure 1 Boxplot of response of the 3 treatment groups in facial acne grades 
during 3 months of treatment. Mean values (ranges) are as follows, group T, 
0.90 (0.77-0.99); group 0. 0.81 (0.61-1.37): and group P, 0.32 (0.27-0.36). 

placebo). Two patients in the oral cyproterone acetate 
group dropped out of the study because they had failed 
to take the tablets regularly. One patient was excluded 
from the topical cyproterone acetate group because of a 
moderate local reaction and because she was not willing 
to use the mechanical contraception. Two patients in 
the placebo group withdrew from the study for personal 
reasons. The patients' ages, their initial mean acne grad- 
ings, and lesion counts are listed in Table 1 . 

Response to therapy was measured by calculating 
the difference between baseline measurements and mea- 
surements after 3 months of therapy. During the 3- 
month assessment period, both oral and topical cypro- 
terone acetate were found to be significantly more effective 
than the placebo preparation in reducing mean facial acne 
grades and lesion counts (P<.05 for both groups). No 
significant differences in treatment success were ob- 
served between the oral and topical therapy (P>.05) 
(Figure 1 and Figure 2). 

After 3 months of topical cyproterone acetate 
application, lesion counts had decreased from a mean 
of 35.9 (range, 28-59) to 9.1 (3-20) (P<.05). The 
serum levels of cyproterone acetate are shown in 
Table 2. Serum cyproterone acetate concentrations 
were below the detection limit of 28 pg/mL before the 
treatment but increased to values of between 119 and 




Figure 2. Boxplot of response of the 3 treatment groups in lesion counts 
during 3 months of treatment. Means (ranges) are as follows: group T, 26.8 
(18 0-39 0); group 0, 29.9 (18.0-38.0): and group P, 15. 1 (8.0-26.0). 



Table 2. Serum Cyproterone Acetate Levels Before and 
After Topical Cyproterone Acetate Therapy in 5 Patients 


Patient No./ 
Age.y 


Serum Cyproterone Acetate, pg/mL 


Before Treatment 


• 

After 3 mo of Treatment 


1/34 


<28* 


226 


2/37 


<28 


281 


3/26 


<28 


286 


4/35 


<28 


311 


5/30 


<28 


119 



* Detection limit. 

311 pg/mL after topical cyproterone acetate applica- 
tion. No subjective adverse effects or bleeding irregu- 
larities were observed in either of the groups during 
the 3 months of treatment. 



1 


COMMENT 









Acne is a common disorder in young females and males, 
and the therapeutic strategies available at the moment 
are not always sufficient and without shortcomings. 
Therefore, there is still a need for more effective topical 
therapies, particularly those that are free of harmful ad- 
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verse effects and easy to handle. There are numerous 
well-established hormonal and nonhormonal ap- 
proaches to the treatment of acne. As acne is known to 
be an androgen-dependent disorder, oral antiandrogen 
treatment has been shown to be successful. In the pres- 
ent study, we assessed the efficiency of topical cypro- 
terone acetate in patients afflicted with acne. Although 
the number of subjects in this study was small, patients 
were specifically selected from a large group of patients 
with acne on the basis of having moderate to severe le- 
sion scores, and no other visual evidence of hyperan- 
drogenism. Moreover, none of the patients had received 
any systemic treatment for 6 weeks before the com- 
mencement of the study. 



THE USE OF topical antiandrogens in the 
treatment of acne has been intensively 
investigated ever since the pilosebaceous 
unit was found to be androgen depen- 
dent. In 1969, Cunliffe et al 1 used topical 
cyproterone acetate dispensed in dimethyl sulfoxide in 
12 patients but found no improvement because of the 
lack of a suitable vehicle for the steroids. Seven years 
later, Pye et al 2 used 1% cyproterone acetate suspended 
in cetomacrogol cream BPC (formula A), but none of 
the patients showed any marked acne improvement. 
Meanwhile, a wealth of experience in the area of acne 
treatment has been gained by various clinicians and re- 
searchers. There are several alternatives to cyproterone 
acetate. Estrogens, progesterone, spironolactone, flu- 
tamide, and gonadotropin-releasing hormone ana- 
logues have all been used in various concentrations in 
clinical trials. 7 9 These substances reduce sebaceous 
gland activity leading to a clinical improvement of acne. 
However, they have 1 problem in common. They are in- 
gested and thus affect the entire human organism, pro- 
ducing systemic adverse effects. 

It is well known that oral estrogens effectively sup- 
press sebum excretion and improve acne in both men and 
women. However, the doses required to produce a thera- 
peutic effect are associated with unacceptable adverse ef- 
fects. 10 The effect of topical progesterone also has been 
evaluated; whereas a reduction in the sebum excretion 
rate was demonstrated in female patients, no change was 
seen in male patients. Moreover, the sebosuppressive ef- 
fect was lost after 3 months. 11 

Antiandrogens show the most likely source of 
therapeutic success in the hormonal manipulation of 
the sebaceous gland. 12 Cyproterone acetate is most of- 
ten prescribed in combination with ethinyl estradiol, 
with the maximum clinical effect generally seen be- 
tween the third and sixth months of treatment. Oral spi- 
ronolactone also has been shown both to decrease se- 
bum excretion rates and to improve clinical acne. 13 
However, the prescription of spironolactone in this in- 
dication has been markedly reduced since the publica- 
tion of animal research data indicating that it may cause 
breast cancer in rats. 14 The oral nonsteroidal antiandro- 
gen flutamide has been found to reduce acne but it is 
not suitable for clinical use. 15 Chlormadinone acetate is 
a 19-norprogestin with antiandrogenic properties. It is 



used in combination with ethinyl estradiol as an oral 
contraceptive and has proved to be successful in cases 
of mild acne and seborrhea. 16 Dienogest, apparently the 
first 19-nortestosterone derivative with antiandrogenic 
effects, is currently used in oral contraceptives and has 
been suggested for antiandrogen treatment. However, 
clinical trials evaluating the antiandrogen property of 
this substance are inadequate. 17 

Finally, the new topical nonsteroidal antiandrogen 
inocoterone acetate has produced only modest clinical 
effects in the treatment of acne. 18 Evidence suggests that 
not all patients with acne exhibit elevated serum andro- 
gen levels. 19 Rather, several studies have indicated an in- 
creased local formation of androgens, disturbances of the 
androgen metabolism, 20 or an increased sensitivity of the 
androgen receptor to normal levels of androgens. 21 Con- 
sequently, antiandrogens and 5oc-reductase inhibitors may 
also play a role in the treatment of clinically hyperan- 
drogenemic women. 22 

Despite the lack of success with topical cyproter- 
one acetate in previous studies, we undertook a 
placebo-controlled trial using a liposome lotion as a 
carrier for cyproterone acetate to overcome the diffi- 
culty of delivering the active substance to the target 
cell. In the present study, the therapeutic effectiveness 
of topically applied cyproterone acetate in cases of 
acne was clearly demonstrated. Mean facial acne grades 
and lesion counts decreased significantly with both 
topical and oral cyproterone acetate. The preliminary 
serum determinations confirmed our initial expectation 
that topical use would result in lower serum cyproter- 
one acetate levels than would oral cyproterone acetate 
intake. In fact, cyproterone acetate levels were 10 times 
lower after topical than after oral application, while pro- 
ducing a similar clinical response. According to data in 
the literature, cyproterone acetate levels after oral 
intake of 2 mg of cyproterone acetate can be expected 
to be an order of magnitude higher (4073 pg/mL); how- 
ever, this is because a contraceptive effect is required. 23 
Further studies and pharmacokinetic investigations are 
necessary to determine the optimal dosage and carrier 
regimens. 

The mechanisms responsible for the effectiveness ol 
topical cyproterone acetate are outside the scope of the 
present study. Whether topical cyproterone acetate acts 
directly on the skin or whether the serum levels, al- 
though low, are responsible for its therapeutic effects will 
have to be determined in further studies. 

Notably, a significant therapeutic improvement com- 
pared with the placebo group was seen after only 3 months 
of treatment with both oral and topical cyproterone ac- 
etate. In summary, the results of this study suggest that 
topical application of the antiandrogen cyproterone ac- 
etate in the treatment of acne is as effective as oral cy- 
proterone acetate in combination with ethinyl estradiol, 
provided that a suitable carrier is used. The liposome lo- 
tion we used unlocks the potential of topical cyproter- 
one acetate application and releases the benefits of re- 
duced adverse effects, at least within the treatment period 
evaluated in this study. Thus, the cyproterone acetate lo- 
tion represents a suitable alternative or additional local 
treatment for women with acne. 
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Treatment of Acne Vulgaris 
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James C. Shaw, MP, FRCPC 

THB MANAGEMENT OF ACNE VUL- 
garis by nondermatologists is 
increasing. 1 In this article we at- 
tempt to answer the question: 
what treatments in acne vulgaris have 
proven efficacy and how are these treat- 
ments best administered and individu- 
alized to optimize results and mini- 
mize complications? We considered the 
efficacy and safety of topical retinoids, 
topical antimicrobials, systemic anti- 
biotics, hormonal treatments for 
women, and oral isotretinoin. 

METHODS 

A librarian-assisted literature search was 
performed for English-language ran- 
domized clinical trials. We used 
MEPL1NE and EMBASE to identify all 
therapeutic clinical trials, meta- 
analyses, and systematic analyses con- 
cerning acne vulgaris from 1966 to 2004. 
We further cross-referenced bibliogra- 
phies of identified articles. This search 
strategy identified 248 articles. We then 
evaluated titles and abstracts, and ex- 
cluded studies that were not blinded, 
were not randomized, had sample sizes 
of fewer than 50, did not provide ad- 
equate information with respect to ob- 
jective outcomes measures, contained no 
original data, pertained to treatments 
that are not available, did not involve hu- 
mans, or were therapeutic failures. We 
used the following search words: acne 
vulgaris, acne, tretinoin, tazarotenc, ada- 

See also Patient Page. 

CAAE available online at 
www.jama.com 



Context Management of acne vulgaris by nondermatologists is increasing. Current 
understanding of the different presentations of acne allows for individualized treat- 
ments and improved outcomes. 

Objective To review the best evidence available for individualized treatment of acne. 
Data Sources Search of MEDLINE, EMBASE, and the Cochrane database to search 
for all English-language articles on acne treatment from 1966 to 2004. 
Study Selection Well-designed randomized controlled trials, meta-analyses, and 
other systematic reviews are the focus of this article. 

Data Extraction Acne literature is characterized by a tack of standardization with 
respect to outcome measures and methods used to grade disease severity. 
Data Synthesis Main outcome measures of 29 randomized double-blind trials that 
were evaluated included reductions in inflammatory, noninflammatory, and total acne 
lesion counts. Topical retinoids reduce the number of comedones and inflammatory 
lesions in the range of 40% to 70%. These agents are the mainstay of therapy in pa- 
tients with comedones only. Other agents, including topical antimicrobials, oral anti- 
biotics, hormonal therapy (in women), and isotretinoin all yield high response rates. 
Patients with mild to moderate severity inflammatory acne with papules and pustules 
should be treated with topical antibiotics combined with retinoids. Oral antibiotics are 
first-line therapy in patients with moderate to severe inflammatory acne while oral isotreti- 
noin is indicated for severe nodular acne, treatment failures, scarring, frequent re- 
lapses, or in cases of severe psychological distress. Long-term topical or oral antibiotic 
therapy should be avoided when feasible to minimize occurrence of bacterial resis- 
tance. Isotretinoin is a powerful teratogen mandating strict precautions for use among 
women of childbearing age. 

Conclusions Acne responses to treatment vary considerably. Frequently more than 
1 treatment modality is used concomitantly. Best results are seen when treatments 
are individualized on the basis of clinical presentation. 

JAMA, 2004;292:726-735 ; www.jama.com 



palene, clindamycin, erythromycin, 
tetracycline, azelaic acid, benzoyl perox- 
ide, minocycline, doxy cy dine, trimetho- 
prim- sulfamethoxazole, Jlutamide, spi- 
ronolactone, cyproter one- acetate , oral 
contraceptives, isotretinoin, clinical trials, 
review, therapy, treatment, and random- 
ized controlled trials. 

We identified 29 randomized double- 
blind trials, which comprise the focus 
of this article. Where possible, data con- 
cerning responses to treatment were put 
in terms of percent reduction of inflam- 
matory lesions, noninflammatory le- 
sions (comedones), and total lesions. 
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A recent methodological literature re- 
view of acne therapy trials over the last 
50 years found that methods of grad- 
ing acne seventy and methods of assess- 
ing outcome measures are highly incon- 

Author Affiliations: Division of Dermatology, Uni- 
versity of Toronto. Toronto, Ontario. 
Financial Disclosure: Dr Shaw has received hono- 
raria from Calderma and from Beriex and owns shares 
in Allergan Pharmaceuticals. 

Corresponding Author James C. Shaw, MD, FRCPC, 
University Health Network, Toronto Western Hospi- 
tal, 399 Bathurst St.:East Wing 8-517, Toronto. On- 
tario, Canada M5T 2S8 (james.shaw@uhn.on.ca). 
Section Editor: Michael S. Lauer, MD, Contributing 
Editor. We encourage authors to submit papers for 
consideration as a Clinical Review. Please contact 
Michael S. Lauer, MD, at lauerm@ccf.org. 

©2004 American Medical Association. All rights reserved. 



TREATMENT OF ACNE VULGARIS 



sistent. 2 There are more than 25 methods 
of assessing acne severity and more than 
19 methods for counting lesions. Our lit- 
erature review verifies the lack of stan- 
dardized of methodology. Neverthe- 
less, analysis of acne therapy data does 
allow conclusions to be drawn that can 
direct therapeutic decisions. 

In addition to the randomized con- 
trolled trials (RCTs), we reviewed se- 
lected articles that included data col- 
lected or analyzed after the trial, 
including meta-analyses and other sys- 
tematic reviews. We also mention se- 
lected non-RCTs when they represent 
best evidence concerning established 
therapies that have not yet been stud- 
ied in well-designed RCTs. 

Pathophysiology 

The origin of acne vulgaris is complex 
and incompletely understood. At least 
4 pathophysiologic events take place 
within acne-infected hair follicles: 
(1) androgen-mediated stimulation of 
sebaceous gland activity, (2) abnormal 
keratinization leading to follicular 
plugging (comedo formation), (3) pro- 
liferation of the bacterium Propioni- 
baeterium acnes within the follicle, and 
(4) inflammation. In addition to these 

4 basic mechanisms, genetic factors, 3 
stress, 4 and possibly diet may influence 
the development and severity of acne. 5 

TREATMENT OF 
ACNE VULGARIS 

Topical Retinoids 

Retinoids, first shown in the 1970s to 
be of value for treating acne, are de- 
rivatives of vitamin A that prevent com- 
edone formation by normalizing des- 
quamation of follicular epithelium. The 
3 main topical retinoids are tretinoin, 
adapalene, and tazarotene. 

Tretinoin has long been considered 
the gold standard with which new prod- 
ucts are compared. A meta-analysis of 

5 multicenter randomized investigator- 
blinded trials involving 900 patients 6 
confirmed that total lesion counts re- 
duced by 53% with tretinoin 0.05% gel 
and 57% with adapalene 0.1% gel 
(Table 1). Adapalene gel causes less ir- 
ritation than tretinoin 0.05% gel, 0.1% 



microspere gel, or 0.05% cream. 6 9 Taz- 
arotene 0.1% gel had proven efficacy in 
an RCT showing 52% total acne reduc- 
tion of total lesions compared with 33% 
with vehicle. 10 Tretinoin was com- 
pared with tazarotene in a 12-week RCT 
with 169 patients. 11 Tazarotene 0.1% gel 
produced reductions in acne severity of 
36% vs 26% with tretinoin 0.1% gel 
(P=.02). In another comparison trial, 
tazarotene 0.1% gel was more effec- 
tive than tretinoin 0.025% gel in re- 
ducing noninflammatory lesion counts 
(55% vs 42%; P=.042) and equally ef- 
fective in reducing inflammatory le- 
sions. 12 In a multicenter RCT, ada- 
palene 0.1% cream demonstrated a 38% 
reduction in total lesion counts vs 20% 
with vehicle. 13 In a 12-week RCT with 
145 patients tazarotene 0.1% gel was 
significantly better than adapalene 
0.1% gel in terms of mean reductions 
in overall disease severity (44% vs 24%; 
P<.001), noninflammatory lesion 
count (71% vs 48%; P<.0001), and in- 
flammatory lesion count (70% vs 55%; 
P=.0002). H Alternate-day application 
of tazarotene 0.1% gel was equally ef- 
fective to daily adapalene 0.1% gel in a 
15-week RCT 15 (Table 1). 

Tretinoin, is available as a gel (0.01% 
and 0.025%), cream (0.025%, 0.05%, 
and 0.1%), and liquid (0.05%). Cuta- 
neous erythema, peeling, and edema 
with tretinoin are dose-related adverse 
effects. Adapalene 0.1% is available as 
a cream, gel, and solution, all with simi- 
lar efficacy. 16 Tazarotene is available as 
0.1% cream or gel formulations. 

In summary, all topical retinoids ef- 
fectively reduce the number of com- 
edones and inflammatory lesions in the 
range of 40% to 70% (Table 1). Ada- 
palene is less likely to cause skin irri- 
tation and is better tolerated than treti- 
noin or tazarotene, but tazarotene 
appears to be most efficacious. 

Topical Antimicrobials 

Currently available topical antimicro- 
bials include clindamycin, erythromy- 
cin, tetracycline, and benzoyl perox- 
ide. Azelaic acid may also be considered 
within this group because it has dem- 
onstrated antibacterial activity against 



intrafollicular P acnes. 17 Our discus- 
sion focuses on 5 well-designed, ran- 
domized, double-blind trials assessing 
the effectiveness of topical antibiotics 
in acne. Newer formulations have been 
studied most rigorously. 

Original placebo-controlled RCTs 
with clindamycin and erythromycin 
showed a 46% to 70% reduction in in- 
flammatory lesions 18 21 (Table 1). In an- 
other RCT, an erythromycin-4%-zinc 
combination reduced inflammatory le- 
sions by 85% vs a 46% reduction using 
2% erythromycin alone (P<.001). 22 Re- 
cent interest has centered around com- 
binations of topical antimicrobials with 
benzoyl peroxide or retinoids. Support 
for combining erythromycin or clinda- 
mycin with benzoyl peroxide includes 
a randomized, 10-week, multicenter, 
single-blind trial that enrolled 492 pa- 
tients in which treatment with the com- 
bination products used twice daily was 
more effective than benzoyl peroxide 
alone. 23 Additionally, a review of 3 clini- 
cal studies involving 1259 patients con- 
cluded that the combination of clinda- 
mycin 1% benzoyl-peroxide 5% was 
more effective than either drug used 
alone in reducing lesions and suppress- 
ing P acnes 2 * In 2 RCTs 334 patients 
were treated once nightly with either a 
combination clindamycin-benzoyl per- 
oxide gel, benzoyl peroxide alone, clin- 
damycin alone, or vehicle 25 (Table I ). Af- 
ter 11 weeks, 66% of patients in the 
clindamycin and benzoyl peroxide group 
experienced a good or excellent re- 
sponse compared with 41% in the ben- 
zoyl peroxide group, 36% in the clin- 
damycin group, and 10% in the vehicle 
group. A similar 16-week trial showed 
a 53% lesion reduction with clindamy- 
cin 1% benzoyl-peroxide 5% vs 28% 
with clindamycin alone (P=.013). 26 

Combining topical antibiotics with 
topical retinoids is also effective. Ada- 
palene gel 0.1% plus clindamycin 1% 
was studied in a 12-week RCT involv- 
ing 249 patients with mild to moder- 
ate acne. A significantly greater reduc- 
tion in total (P<.001), inflammatory 
(P = .004), and noninflammatory le- 
sions (P<.001) was seen in the clinda- 
mycin-plus-adapalene group than in the 
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TaKip 1 . riiniral Trials in ToDical Acne Therapy . _ 






Length of 
Treatment, 
Study Type wk 




Reduction in Lesions, % 




Source 


No. of 
Patients 


I 

jyoe of Acne* Treatment Inflammatory 


Noninflammatory 


Total 


Cunliffe et al. 6 
1998 


900 


Meta-analysis 


12 


Topical Retinoids 

Mild to moderate Adapalene 0.1% gel 
facial acne Tretinoin 0.025% gel 


52 
51 


58 
52 


57 
53 


Shalita et al, 10 
1999 


446 


Randomized, 
double-blind, 
placebo- 
controlled, 
multicenter 


12 


Mild to moderate Tazarotene 0. 1 % gel 
facial acne i azaroiene u.uo /o yci 
Vehicle 


42 
39 
30 


55 
45 
35 


52 
44 
33 


Leydenet al. 11 
2002 


169 


Randomized, 
double-blind, 
multicenter 


12 


Mild to moderate Tazarotene 0. 1 % gel 
facial acne Tretinoin 0.1% gel 


56 
46 


60 
38 




Webster 
et al, 12 

ZUU I 


143 


Randomized, 
double-blind, 
multicenter 


12 


Mild to moderate Tazarotene 0. 1 % gel 
facial acne Tretinoin 0.025% gel 


54 
44 


55 
42 




Lucky et al. 13 
2001 


237 


Randomized, 
double-blind, 
multicenter 


12 


Mild to moderate Adapalene 0. 1 % cream 
facial acne Vehicle 


36 
19 


38 
20 


38 
20 


Webster 
et al, 14 
2002 


145 


Randomized, 
double-blind, 
multicenter 


12 


Mild to moderate Tazarotene 0. 1 % gel 
facial acne Adapalene 0. 1 % gel 


70 

55 


71 
48 




Leyden et al, 15 
2001 


164 


Randomized, 
doubie-blind, 
multicenter 


15 


Mild to moderate Adapalene 0. 1 % gel 
facial acne Tazarotene 0. 1 % gelt 


54 
57 


58 
55 




Becker et al, 18 
1981 


358 


Randomized, 

placebo- 
controlled, 
multicenter 


8 


Topical Antimicrobials 

Mild to moderate Clindamycin phosphate 
acne Clindamycin hydrochloride 
Vehicle 


66 
63 
42 






Dobson and 
Belknap, 19 
1980 


253 


Randomized, 

CJOUUic uw \Vi , 

multicenter, 
placebo- 
controlled 


12 


Mild to moderate Erythromycin 1 .5% solution 
acne Vehicle 


70 
5 


26 
55 


40 
30 


Lesher et al, 20 
1985 


225 


Randomized, 
double-blind, 
multicenter, 
placebo- 


12 


Mild to moderate Erythromycin 2% 
acne Vehicle 


46 
19 






Jones and 
Crumley, 21 


156 


Randomized, 
double-blind 


12 


Moderate to Erythromycin 2% 
severe facial Vehicle 
acne 


51 

33 






Habbema 
et al, 22 
1989 


122 


rianaui 1 1 , 
double-blind, 
multicenter 


12 


Moderate to Erythromycin-4%-zinc solution 
severe facial Erythromycin 2% lotion 
acne 


85 
46 


68 
49 




Lookingbiii 
et al 25 
1997 


334 


Randomized, 
double-blind, 
placebo- 
controlled, 
multicenter 


11 


Mild to moderate Clindamycin-1 %/BP 5% gel 
facial acne Ciindamycin-1 % gel 
BP 5% gel 
Vehicle 


61 
35 
39 
5 


36 
9 

30 
0 




Cunliffe et al, 26 
2002 


79 


Randomized, 
double-blind 


16 


Mild to moderate Clindamycin-1 % plus/BP 5% gel 
facial acne Clindamycin-1 % 






53 
28 


Katsambas 
et al. 33 
1989 


92 


Randomized, 
double-blind, 
placebo- 
controlled 


12 


Oral and Topical Treatments 

Moderate acne Azelaic acid 20% 
Placebo 


72 
47 


56 
0 




Hjorth and 
Graupe, 34 
1999 


333 
261 


Randomized, 
double-blind, 
multicenter 


20 
24 


Moderate to Azelaic acid 20% 
severe acne; Oral tetracycline 

Moderate to Azelaic acid 20% 
severe acne Oral tetracycline 


83 
86 
79 
79 







Abbreviation: BP, benzoyl peroxide; ellipses, data were not reported in the trial. 
*For an example of acne severity, see the Figure. 
tTherapy is taken on alternate days. 
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clindamycin-plus-vehicle group. 27 
Other trials with clindamycin- 
tretinoin and erythromycin-tretinoin 
have shown similar results. 28 " 32 

Azelaic acid 20%, in an RCT that en- 
rolled patients with moderate acne re- 
sulted in a 72% reduction of inflam- 
matory lesions vs 47% with placebo. 33 
Two RCTs compared oral tetracycline 
with topical azelaic acid 20%. 34 Reduc- 
tions in inflammatory lesion counts 
were 83% for azelaic acid and 86% for 
oral tetracycline in one study and 79% 
for both drugs in another (Table 1). The 
efficacy of azelaic acid in mild to mod- 
erate acne matches that of tretinoin 
0.05%, benzoyl peroxide 5%, or topi- 
cal erythromycin 2%. 17 

Adverse effects of topical antibiotics 
include erythema, peeling, dryness, and 
burning. 35 Benzoyl peroxide can also 
cause an irritant dermatitis and bleach 
hair, clothes, and bed linens. A recent 
consensus has recommended that topi- 
cal antibiotics should not be used alone 
due to the potential for bacterial resis- 
tance and relatively slow onset of ac- 
tion. 3,5 Antimicrobial resistance with 
benzoyl peroxide or azelaic acid has not 
been reported. Combining antibiotics 
with benzoyl peroxide is the most com- 
mon practice. A minimum of 6 to 8 
weeks of treatment is recommended. 35 

Oral Antibiotics 

Systemic antibiotics used in acne vul- 
garis have both antimicrobial and anti- 
inflammatory properties. They reduce P 
acnes within follicles, thereby inhibit- 
ing production of bacterial-induced in- 
flammatory cytokines. 36 Tetracycline and 
erythromycin suppress leukocyte che- 
motaxis 37 and bacterial lipase activity 38 
while minocycline and doxycycline in- 
hibit cytokines and matrix metallopro- 
teinases thought to contribute to inflam- 
mation and tissue breakdown. 39 The 
main systemic antibiotics used in acne 
vulgaris are tetracycline, doxycycline, 
minocycline, and erythromycin. 

Relatively few RCTs have studied the 
use of oral antibiotics in treating acne. 
A 12-week RCT involving 200 pa- 
tients 40 showed a reduction in inflam- 
matory lesions by 64% with tetracy- 



cline vs 67% with erythromycin and a 
reduction in noninflammatory lesion 
counts by 34% with tetracycline vs 22% 
with erythromycin (Table 2). In an- 
other comparison trial topical clinda- 
mycin 1% showed a 72% reduction vs 
a 57% reduction using oral tetracycline 
and a 12% reduction with placebo. 41 

Doxycycline was recently studied in 
a RCT in which 51 patients received 
either a submicrobicidal dose (20 mg 
twice daily) for 6 months or placebo. 
Mean reduction in total lesions was 52% 
with doxycycline vs 18% with placebo 
(P<.01; Table 2V 2 Even low doses of 
doxycycline may be effective by inhibi- 
tion of collagenases including matrix 
metalloproteinases. 39 Doxycycline is fre- 
quently dosed at 100 mg/d for acne treat- 
ment although best evidence for those 
doses comes from small studies. 43 

The efficacy of minocycline was as- 
sessed in a Cochrane review, 43 which 
concluded that minocycline is an effec- 
tive therapy for moderate acne, but its 
efficacy compared with other acne thera- 
pies could not be reliably determined 
due to methodological flaws in the com- 
parative trials. In a 3-month double- 
blind RCT, minocycline was some- 
what more effective in reducing 
inflammatory lesion counts compared 
with zinc gluconate (67% vs 50%; 
P<.001). 44 Antimicrobial effects against 
P acnes are greater with minocycline than 
with doxycycline or tetracycline, 45 and 
higher lipid solubility favors its bioavail- 
ability in pilosebaceous units. 

Oral tetracycline is usually pre- 
scribed at a dosage of 500 mg twice a 
day. The absorption of tetracycline is 
reduced by food and dairy products; 
therefore, it must be taken on an empty 
stomach. Adverse effects include gas- 
trointestinal tract dyspepsia, vaginal 
candidiasis in women, and a small risk 
of photosensitivity. In children younger 
than 10 years, tetracycline can cause 
enamel hypoplasia and a yellowish dis- 
coloration of the forming teeth. 46 Doxy- 
cycline has traditionally been used at 
a dose of 50 to 100 mg twice daily. Suc- 
cess with 20 mg/d may change clinical 
practice over time. 42 Doxycycline causes 
gastrointestinal tract upset and is more 



likely than tetracycline to cause pho- 
tosensitivity. 46 Doxycycline can be taken 
with food. Tetracyclines should not be 
taken immediately before sleep be- 
cause the pills may lodge in the esopha- 
gus and cause ulceration. 

Minocycline is prescribed in a dosage 
range of 50 to 100 mg twice daily. Ad- 
verse effects include vertigo, dizziness, 
ataxia, and rarely a bluish discoloration 
of the skin. 46 Minocycline has also been 
reported to be associated with drug in- 
duced lupus, autoimmune hepatitis, and 
a hypersensitivity syndrome. 47 The rela- 
tive risk of developing a lupuslike syn- 
drome with minocycline is 8.5 (95% con- 
fidence interval [CI] , 2.1-35.0) compared 
with 1.7 (95% CI, 0.4-8.1) for other 
tetracyclines. 48 

Antibiotic-resistant strains of P acnes 
have increased steadily since the 1 970s 
and are now found in more than 50% 
of cases in Europe and the United King- 
dom. 49 Resistance of P acnes to oral an- 
tibiotics is associated with treatment fail- 
ures. 50 The effect of resistance to P acnes 
with topical antimicrobial use is un- 
clear. 51 Resistance to tetracyclines is less 
common than to erythromycin 49 and is 
least with minocycline. 52 

Recommendations for reducing an- 
tibiotic resistance in acne have been 
published recently and include using 
combined topical therapy — such as reti- 
noids, benzoyl peroxide, or both when 
using topical antibiotics — and avoid- 
ing long-term use of topical or oral an- 
tibiotics when feasible. 35 

Hormonal Therapy 

Hormonal treatments for acne are tol- 
erated in women only. These treat- 
ments, which decrease androgen ex- 
pression, are based on the requirement 
for androgens in the pathophysiologic 
development of acne. 53 54 A direct re- 
lationship between levels of circulat- 
ing androgens and acne severity has not 
been established although prior stud- 
ies suggest some degree of hyperan- 
drogenemia in women with acne. 55 57 
Antiandrogenic compounds in- 
clude oral contraceptives (OCs) and 
androgen-receptor blockers such as flu- 
tamide, spironolactone, and cyproter- 
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one acetate. Several OCs are now ap- 
proved for use in acne. All contain 35 
ug of estrogen or less. None of the an- 
drogen-receptor blockers are approved 
by the US Food and Drug Administra- 
tion for use in the treatment of acne. 

Oral contraceptives suppress ovar- 
ian androgens and reduce bioavailable 
testosterone by an estrogen-mediated in- 



crease in steroid hormone binding 
globulin. After 6 months, 2 multi- 
center RCTs involving 507 women with 
moderate acne found that triphasic norg- 
estimate and ethinyl estradiol (EE, Or- 
thotri-cyclin [Ortho-McNeil Pharma- 
ceutical Inc, Raritan, NJ]) had decreased 
inflammatory lesions by approxi- 
mately 50% compared with a 30% re- 



duction with placebo. 58,59 Two RCTs 
studying the efficacy of 20 ug of EE plus 
100 ug of levonorgestrel (Alesse (Wy- 
eth, Madison, NJ1) showed total acne im- 
provement of 23% to 40% compared 
with 9% to 23% with placebo (Table 
2) 60.61 A recen t RCT involving 128 
women showed an acne-lesion count re- 
duction of 63% using the combination 



Table 2 . Clinical Trials in Oral Acne Therapy 

No. of Treatment, 
Source Patients Study Type wk 



Type of Acne 



Treatment 



Reduction in Lesions, % 

I ~ 1 

inflammatory Noninflammatory Total 



Gammon et 
al, 40 1986 



Braathen," 
1984 



Skidmore 
et al," 2 
2003 



Dreno et al," 
2001 



200 



Randomized, 
double-blind, 
mutticenter 



Antibiotics 

8 Moderate to Oral erythromycin 
severe acne Oral tetracycline* 



67 
64 



87 



Randomized, 
double-blind 



Moderate to 
severe acne 



Oral tetracycline, 500 mg twice 57 
per d 

Clindamycin 1 % 72 

Placebo 12 



51 



Randomized, 
double-blind 
placebo- 
controlled, 
MC 



24 



Moderate facial Oral doxycycline, 20 mg twice 50 
acne per day 

Placebo 30 



332 



Randomized, 
double-blind 
multicenter 



12 



Moderate acne Oral minocycline, 1 00 mg/d 
Zinc gluconate. 30 mg/d 



67 
50 



22 
34 



54 
11 



52 
18 



Lucky et al, f 
1997 



Redmond 
et al. 59 
1997 



Thiboutot 
et al. 00 
2001 



Leyden et al, 6 
2002 



Van Vloten 
et al. 62 
2002 



257 



Randomized, 
double-blind 
placebo- 
controlled, 
multicenter 



Oral Contraceptives 

24 Moderate acne Ethinyl estradiol, 35 pg plus 

in women norgestimate. 1 80 ug, 2 1 5 

ug, or 250 ug of 
Placebo 



62 



250 



Randomized, 
double-blind 
placebo- 
controlled, 
multicenter 



24 Moderate acne Ethinyl estradiol, 35 ug plus 51 
in women norgestimate. 1 80 ug, 21 5 

ug, or 250 ug, of 
Placebo 35 



350 



Randomized, 
double-blind 
placebo- 
controlled, 
multicenter 



24 Moderate acne Ethinyl estradiol, 20 ug plus 
in women levonorgestrel 100 ug 

Placebo 



47 
33 



371 



Randomized, 
double-blind, 
placebo- 
controlled 



24 



Moderate acne 
in women 



Ethinyl estradiol, 20 ug 32 

pluslevonorgestrel, 100 ug 
Placebo 22 



128 



Randomized, 
double-blind, 
multicenter 



36 Mild to moderate Ethinyl estradiol, 30 ug plus 74 
acne in drospirenone, 3 mg 
women Ethinyl estradiol, 35 ug plus 75 
cyproterone acetate, 2 mg 



25 
14 



13 
4 



50 
60 



53 



27 
46 



34 

40 
23 



23 
9 



63 
59 



Isotretinoin 



Jones et al, 81 
1983 


76 


Randomized, 
double-blind 


16 


Moderate to 
severe acne 


Isotretinoin. 0.1 mg/kg per d 
Isotretinoin, 0.5 mg/kg per d 
Isotretinoin. 1 .0 mg/kg per d 


80 
80 
89 


Strauss et al,^ 
1984 


150 


Randomized, 
double-blind 
multicenter 


20 


Severe acne 


Isotretinoin, 0. 1 mg/kg per d 
Isotretinoin, 0.5 mg/kg per d 
Isotretinoin, 1 .0 mg/kg per d 


79 
79 
89 


Strauss et al, 83 
2001 


600 


Randomized, 
double-blind 
multicenter 


20 


Severe nodular 
acne 


isotretinoin, 1 .0 mg/kg per d 
Micronized isotretinoin, 
0.4 mg/kg per d 


90 
87 



Ellipses indicate that data were not reported in the trial. 
♦Variable doses used. 
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drugs of 35 ug of EE plus 3 mg of 
drospirenone (Yasmin [Berlex, Mon- 
treal, Quebec]) and a 59% reduction us- 
ing 35 ug of EE plus 2 mg of cyproter- 
one acetate (Diane-35 [Berlex]). 62 
Neither Alesse nor Yasmin is marketed 
for acne although both are used exten- 
sively for that indication. 

Outside of the United States, the OC 
containing 35 ugof EE plus 2 mgof cy- 
proterone acetate is the combination to 
which newer OCs have usually been 
compared for acne treatment. The pro- 
gestin, cyproterone is an effective an- 
drogen-receptor blocker when used at 
higher doses in men with prostate can- 
cer 63 and in women with acne, hirsut- 
ism, and polycystic ovary syndrome. 64 
Best evidence for the use of this combi- 
nation for acne comes from open stud- 
ies or comparison trials with newer OCs 
containing levonorgestrel, drospire- 
none, and desogestrel. At least 60% im- 
provement was demonstrated with all 
the above OCs. 62 63 66 In Europe, the an- 
tiandrogen-progestin chlormadinone 
has been combined with EE in an oral 
contraceptive (Belara [Grunenthal, 
Aachen, Germany] ) and has been shown 
to be superior to an OC containing le- 
vonorgestrel in treating acne. 67 

Safety profiles are reasonable for OCs 
containing 35 ug of EE or less. Cardio- 
vascular risks are not significantly in- 
creased in nonsmokers, 68 and breast 
cancer risks have not been shown to be 
increased overall. 6g The risk of deep- 
vein thrombosis increases from 1 per 
10000 woman-years to 3.4 per 10000 
woman-years during the first year and 
decreases therafter. 70 Contraindica- 
tions to using OCs in an otherwise 
healthy woman include smoking, mi- 
graine headaches with aura, and hy- 
pertension. 71 

Androgen-receptor blockers used in 
acne include spironolactone, flu- 
tamide, and cyproterone acetate. Spi- 
ronolactone is well established as an 
aldosterone-blocking agent at doses of 
25 mg/d in patients with heart failure. 72 
Higherdoses (50-100 mg/d) are required 
for androgen-receptor blockade. Cyprot- 
erone acetate, in addition to being used 
as the progestin in the OC Diane-35, is 



used in doses of 50 to 100 mg/d in 
women with hirsutism (not available in 
the United States). Flutamide, a non- 
steroidal androgen-receptor blocker 
commonly used in prostate cancer is 
used in women with hirsutism and acne 
at doses of 250 to 500 mg/d. 

Best evidence for the use of spirono- 
lactone in acne comes from 4 studies in 
which spironolactone alone or as an ad- 
junct in doses of 50 to 200 mg/d showed 
50% to 70% improvement of acne. 73 " 76 
A randomized comparison study of 53 
participants showed a 50% improve- 
ment in acne and seborrhea among those 
who received a combination of 100 mg/d 
of spironolactone with an OC vs an 80% 
improvement among those who re- 
ceived 250 mg of flutamide with an 
OC. 77 Together with OCs, cyproterone 
acetate 50 to 100 mg/d is also effective 
in treating acne. 78 79 Cyproterone ac- 
etate is, however, most commonly used 
in the low-dose formulation (2 mg) as 
part of an oral contraceptive. 

Isotretinoin 

Isotretinoin, a naturally occurring me- 
tabolite of vitamin A, inhibits seba- 
ceous gland differentiation and prolif- 
eration, reduces sebaceous gland size, 
suppresses sebum production, and nor- 
malizes follicular epithelial desquama- 
tion. Isotretinoin is indicated in severe 
nodular acne and acne unresponsive to 
other therapies. It is used at a dosage of 
0.5 to 1 mg/kg per day with a cumula- 
tive dosage of 120 to 150 mg/kg over a 
4- to 6-month treatment period. 

Isotretinoin was first shown to be ef- 
fective in a nonrandomized clinical trial 
at an average dose of 2 mg/kg per day 
for 4 months in 14 patients with severe 
acne. 80 Complete clearing occurred in 13 
of 14 patients and all 14 had prolonged 
remissions. A dose-response RCT in- 
volving 76 patients showed that at 4 
months, total acne lesions were re- 
duced by 80% with a treatment of 0.1 
mg/kg per day or 0.5 mg/kg per day and 
by 89% with 1 .0 mg/kg per day. 81 A sig- 
nificantly greater treatment failure rate 
(45%) was observed with the lowest dose 
(0.1 mg/kg per day dosage). A related 
dose-comparison trial in 150 patients 



found that retreatment was required in 
42% of patients receiving 0.1 mg/kg per 
day and only 10% of patients receiving 
1 mg/kg per day (Table 2). 82 A new mi- 
cronized formulation of isotretinoin (0.4 
mg/kg per day) was equivalent in effi- 
cacy and safety to standard isotretinoin 
(1 mg/kg per day). 83,84 

A 10-year follow-up of 88 patients 
who received isotretinoin in an initial 
dose of 0.5 or 1 mg/kg per day showed 
that 23% required a second course of 
isotretinoin 85 usually within 3 years of 
stopping therapy. The daily and cumu- 
lative dosage was an important factor in 
determining relapse rate. Patients re- 
ceiving 0.5 mg/kg per day had a relapse 
rate of 39% vs 22% in those taking 1 
mg/kg per day (P<.05). A cumulative 
dosage of less than 1 20 mg/kg had a sig- 
nificantly higher relapse rate than those 
given a larger dose (82% vs 30%, respec- 
tively; P<.01). A recent chart review of 
179 patients who had received 1 course 
of isotretinoin revealed that at the 3-year 
follow up, 35% had no recurrence; 16% 
required topical therapy; 27% required 
the use of oral antibiotics, and 23% re- 
quired more isotretinoin. 86 

Adverse effects of isotretinoin in- 
clude dry lips, dry skin, dry eyes, de- 
creased night vision, headache, epi- 
staxis, and backache. Less common 
adverse effects include benign intracra- 
nial hypertension, so therapy must be 
stopped if a patient experiences persis- 
tent headaches- Isotretinoin can also be 
associated with a mild to moderate el- 
evation in liver enzymes and in serum 
lipid indices, especially triglycerides. 87 It 
is generally well accepted that baseline 
cholesterol, fasting triglycerides, and liver 
function tests be done. Follow-up tests 
are recommended at weeks 4 and 8. If 
these test results are normal, further test- 
ing at week 12 may not be necessary. 

Isotretinoin is a proven teratogen, and 
its use necessitates adequate contra- 
ception during and 6 weeks after 
therapy, as well as baseline and monthly 
pregnancy tests. Major malformations 
occur in 40% of infants exposed to 
isotretinoin in the first trimester. 88 It is 
strongly recommended that patients 
have 2 negative pregnancy tests be- 
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Figure. Severity and Type of Acne 




i 




fore starting isotretinoin and regular 
monthly pregnancy tests thereafter. 
Current prescribing regulations in the 
United States require physicians to iden- 
tify on each prescription that patients 
have met the above qualifications and 
have signed a consent form. Further 
measures are being discussed to man- 
date a single, centralized registration 
and tracking system for all health care 
professionals involved with isotreti- 
noin. A recent evidence-based review 
examined the issue of an increasing 
number of reported cases of depres- 
sion and suicide associated with isotreti- 
noin. 89 Epidemiological evidence for an 
association between isotretinoin and de- 
pression is currently lacking. 89 Further- 
more, there is a 24.7% and 13.3% preva- 
lence of anxiety and depression, 
respectively, in patients with acne. 90 Un- 
til well-designed studies are con- 
ducted, patients and their relatives must 




be informed about depressive symp- 
toms, and screening for depression 
should be an essential part of each visit. 

CASE-BASED CLINICAL 
APPLICATIONS 

Diagnosis 

The diagnosis of acne vulgaris is usu- 
ally uncomplicated. Differential diag- 
noses mainly include rosacea, perioral 
dermatitis, bacterial folliculitis, and 
drug-induced acneiform eruptions. The 
presence of comedones confirms the di- 
agnosis of acne vulgaris. 

Evidence-based literature in acne 
treatment is growing, and there is suf- 
ficient evidence to justify specific treat- 
ments for most clinical presentations. 
Successful outcomes frequently re- 
quire nuance in management and a 
thorough understanding of all treat- 
ment modalities. Good outcomes are 
based on what is perceived by the pa- 
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tient as well as what can be measured. 
Since morbidity in acne is primarily 
emotional (psychological) , different de- 
grees of success may satisfy different in- 
dividuals. Acne severity fluctuates over 
time and treatments often need to 
change accordingly. 

Comedones Only 

For this treatment, topical retinoids are 
the mainstay of treatment. Choices in- 
clude tretinoin, adapalene, and tazaro- 
tene (Figure, A). Treatment response 
expectations are in the range of a 40% 
to 70% reduction in number of com- 
edones within 12 weeks. 61114 Creams 
and lower concentrations of retinoids 
are less irritating but may take longer 
for a response than higher concentra- 
tions and gels. Short-contact therapy, 
starting with 30 seconds and building 
up to 1 hour or more followed by wash- 
ing, was demonstrated effective and safe 
in a study with tazarotene gel 91 and 
could be considered with all topical reti- 
noids. Application should be to the en- 
tire area of involvement. Maintenance 
treatment is usually required. 

Inflammatory Acne (Papules 
and Pustules), Mild to 
Moderate Severity 

Topical antibiotics are the treatment of 
choice for these patients (Figure, B). 
Choices include benzoyl peroxide, az- 
elaic acid, clindamycin, erythromy- 
cin, and dual agents combining ben- 
zoyl peroxide with either erythromycin 
or clindamycin. Current recommenda- 
tions favor combining topical antimi- 
crobial products with topical reti- 
noids if they can be tolerated by 
patients. 27,3592 Benzoyl peroxide, 2% to 
10%, is an inexpensive and effective an- 
timicrobial that is not associated with 
antimicrobial resistance. 93 The dual- 
agent products combining topical an- 
tibiotics (clindamycin, erythromycin) 
with benzoyl peroxide are more effec- 
tive than antibiotics alone. 23 25 - 93 Best re- 
sults require 8 to 12 weeks and main- 
tenance therapy is usually required. 
Reasonable response expectations are 
in the range of 30% to 80%. 17 20 - 25 26 
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Moderate to Severe 
Inflammatory Acne 

Oral antibiotics including the tetracy- 
clines (minocycline, doxycycline, tetra- 
cycline) are the first-line choices (Fig- 
ure, C). Erythromycin is recommended 
less often because of its association with 
resistant P acnes. 94 Trimethoprim- 
sulfamethoxizole has been reported to 
be successful, but there is an unaccept- 
ably high risk of severe adverse events. 
Response expectations with oral antibi- 
otics are in the range of 64% to 86%. 34 - 40 
All oral antibiotics require a mini- 
mum of 6 to 8 weeks of treatment. 
There are no strict regulations on du- 
ration of use; but the recent increase in 
the prevalence of resistant organisms 
has resulted in current recommenda- 
tions to encourage using antibiotics for 
shorter periods and to avoid the long- 
term use of antibiotics for mainte- 
nance therapy. 35 

Severe Papulonodular Acne 

Oral isotretinoin is indicated for severe 
papulonodular acne (Figure, D), treat- 
ment failures, scarring, or frequently re- 
lapsing acne or in cases where psycho- 
logical distress is severe. Isotretinoin is 
used as a single-drug therapy except for 
women for whom concomitant OCs are 
strongly recommended. Best responses 
are seen with daily doses of 1 mg/kg per 
day for a period of 20 weeks or a total 
accumulative dose of 120 mg/kg. 85 

A rare adverse effect of isotretinoin is 
called acne fulminans, characterized by 
extensive erosive lesions, fever, arthral- 
gias, and leukocytosis. Treatment re- 
quires systemic corticosteroids. In a re- 
cent report of 25 cases of acne fulminans, 
best responses were seen with 0.5 to 1.0 
mg/kg of prednisone daily for 4 to 6 
weeks, with isotretinoin resumed on 
week 4, starting with 0.5 mg/kg per day 
and increasing gradually. 95 

Women With Acne 

Hormonal treatments with OCs or an- 
drogen-receptor blockers have been 
shown to be helpful and are reviewed 
elsewhere. 96 For a woman with acne 
who desires birth control, OCs are an 
initial choice. Oral contra 



ceptives do not preclude using stan- 
dard therapies if indicated. Approved 
OCs for use for acne include Orthotri- 
cyclin (in the United States and 
Canada), Estrostep (in the United States 
[Pfizer, New York, NY), and Diane-35 
(Canada). The results of RCTs and 
other best evidence, expected improve- 
ment with OCs alone is from 40% to 
greater than 70% (Table 3). 

For those who do not respond to OCs, 
androgen-receptor blockers, alone or as 
adjuncts to OCs, have response expec- 
tation in the range of 50% to 80%. A 
treatment dosage of 50 to 100 mg/d of 
Spironolactone is well tolerated, with ad- 
verse effects including diuretic effect, 
breast tenderness, and menstrual irregu- 
larities if OCs are not used concomi- 



tantly. 97 Another well-tolerated treat- 
ment is 250 mg/d flutamide . Its potential 
adverse effects include gastrointestinal 
tract upset and, at higher doses, hepa- 
totoxicity. Periodic liver function tests 
are recommended with any dose of flu- 
tamide. Similar to spironolactone is 50 
to 100 mg/d of cyproterone acetate. 
Hepatotoxicity has been reported rarely 
in men receiving cyproterone acetate for 
prostate cancer 98 and in women receiv- 
ing OCs containing cyproterone ac- 
etate. 99 Hormonal treatments for acne 
treatment are usually prolonged, de- 
pending on response and tolerance. 

Laboratory Studies 

For women with regular menstrual 
cycles, serum-androgen measurements 



Table 3. Most Common Adverse Effects of Systemic Acne Medications 



Drug 


Approximate Frequency 


Oral Antibiotics 
Dyspepsia, % 


30 


Photosensitivity 


Rare (highest: doxycycline) 


Benign intracranial hypertension 


Rare 


Hypersensitivity reaction 


Rare 


Lupuslike syndrome* 

Tetracyclines as a group 


14.2 Cases per 1 00 000 prescriptions 


Minocycline 


52.8 Cases per 100000 prescriptions 


Isotretinoin, % 

Mucocutaneous (cheilitis) 


95 


Teratogenicity 


25-40 of exposed fetuses 


Hypertriglyceridemia 


25 


Elevation of liver transaminases 


15 


Hypercholesterolemia 


7 


Oral contraceptives, % 
Dysmenorrhea 


10 


Nausea 


2-10 


Breast tenderness 


6 


Headache 


5 


Depressed mood 


3-30 


Venous thromboembolism-!- 70 


3.4 per 10000 woman-yearst 
Highest during first year of use 


Spironolactone. %t 
Diuretic effect 


30 


Dysmenorrhea 


20 


Dysphoria 


20 


Breast tenderness 


18 


Flutamide§ 

Hepatotoxicity, % 


1 (doses >500 mg) 


Cyproterone acetatell 
Hepatotoxicity 


Rare (doses of 50-100 mg) 


*Sturkenboom el al.* a 
tUdegaard et al. 70 
tShaw et al. 37 
§Un et ai. w 

URudiger et al 5 " and Legro. ,m 
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are not necessary. For those with rapid 
onset of hyperandrogenism and viril- 
ization, an androgen-secreting ovarian 
or adrenal tumor can be excluded with 
a normal total testosterone and dehy- 
droepiandosterone sulfate levels, respec- 
tively. Irregular menses, hirsutism, obe- 
sity, or a family history of type 2 diabetes 
suggest a possible endocrinopathy, such 
as polycystic ovary syndrome. Further 
studies may be indicated, which could 
include measurement of gonadotro- 
pins, free testosterone, 17-hydroxy pro- 
gesterone, prolactin, and androstenedi- 
one. 57 100 Unfortunately, there is no 
widely accepted best laboratory test in 
this setting. 105 

Conclusion 

Current treatments in acne target one 
or more of the known mechanisms in- 
volved in the disease. Combining more 
than 1 treatment frequently yields op- 
timal responses. Patients may require 
adjustment of therapies depending on 
their degree of improvement and level 
of tolerance to the treatments. 
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Introduction. Deficiencies in circulating levels of the 
androgens testosterone (T, la) and di hydro testosterone 
(DHT, lb) in hypogonadal men can be compensated for 
by administration of exogenous androgens. 12 which 
have proven efficacious in hormone replacement therapy, 
abrogating age-related deterioration of muscle and 
bone, 3 and regulating plasma lipids. 4 Cancer cachexia. 5 
male contraception. 6 and performance enhancement 7 
have also been investigated as clinical targets of andro- 
gen therapy. 8 
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The beneficial effects of administered steroidal an- 
drogens are often overshadowed by their rapid metabolic 
conversion to DHT by Sa-reductase and to estrogens by 
aromatase. resulting in side effects. Circumventing this 
metabolism through alternate routes of administration, 
such as intramuscular injection or transdermal patch 
applied to the scrotal skin. 9 and attempts to improve 
oral half-life of T using long-chain alkyl esters as 
prodrugs have met with limited success. 10 Alkylation 
of androgens at C-17, as in methyltestosterone (lc) and 
fluoxymesterone (2). has been observed to slow hepatic 
metabolism, allowing oral administration, but subse- 
quent liver toxicity limits their use for chronic admin- 
istration. 
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• (a) LDA. Mel, THF, -78 'C. 98%; (b) NiCl 2 -6H 2 0. NaBH 4 , 
MeOH, 0 •C-rt, 96%; (c) HNO3. H 2 SO«. -10 *C. 10 min. 91%; (d) 
H z . 10% Pd/C, EtOH/EtOAc, it. 16 h. 94%; (e) ethyl 4.4,4- 
trifluoroacetoacetate, ZnCU. EtOH. reflux. 8 h. 82%. 

Efforts to identify more receptor- and tissue-selective 
compounds which might avoid steroid-related side ef- 
fects and toxicities have shifted focus away from steroid 
structural templates. Though representatives of several 
structural classes have been developed or are currently 
undergoing late-stage preclinical development as human 
androgen receptor (hAR) antagonists, 10 efforts to dis- 
cover and develop nonsteroidal AR agonists have been 
few. 1 1 To date, no known nonsteroidal AR agonists have 
been reported to exhibit activity in vivo. In the course 
of our investigations into the structure-activity rela- 
tionships of dihydroquinoline-based AR antagonists 
such as 3, 12 we had the opportunity to examine the effect 
of removal of 2,2-dialkyl substitution. It had previously 
been noted that substitution at this position played a 
critical role in driving the receptor into a transcription- 
ally inactive conformation and that lack of geminal 
substitution (as in 2-monoalkyl-substituted or 2,2- 
dihydro analogues) greatly impacted the transcriptional 
competency of the AR— ligand complex. It was more 
specifically observed that tetrahydro analogue 8 
(LG 12 1071) exhibited tighter binding affinity than the 
substituted analogues and scored as a full agonist in 
cotransfection assays, which led us to investigate the 
ability of 8 to exhibit AR agonist activity in a classic 
animal model. 

Chemistry. Our previously reported efforts at con- 
struction of 2,2-dialkyl-substituted pyridonoquinolines 
involved sequential annulation of each terminal ring 
about a central core through cyclization strategies. 13 
Synthesis of l,2,3,4-tetrahydro-8-pyridono[5,6-£]quino- 
lines was achieved in a more efficient manner from a 
single annulation onto an existing quinoline core after 
appropriate functionalization (Scheme l). 14 The requi- 
site intermediate 4-ethyM,2,3,4-tetrahydroquinoline 
(6) 15 was synthesized in a two-step sequence starting 
from commercially available lepidine (4). Treatment of 
4 with LDA 16 and trapping of the resultant anion with 
iodomethane furnished 4-ethylquinoline (5) 17 in excel- 
lent yield (98%). Reduction of the quinoline ring using 
NaBH4-NiCl 2 18 afforded the required 4-ethyltelrahy- 
droquinoline 6 in 96% yield. Standard nitration and 
subsequent reduction by catalytic hydrogenation pro- 
vided diamine 7, which smoothly underwent Knorr 
cyclization 19 (ethyl 4.4.4-trifluoroacetoacetate. ZnCl 2 . 
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Figure 1. hAR agonist dose response of compound 8 in 
cotransfected CV-1 cells. Values represent mean ± SEM of at 
least triplicate determinations. 

Table 1. hAR Agonist and Antagonist Activity in 
Cotransfected CV-1 Cells and Binding Affinities for hAR in 





hAR agonist 
activity 


hAR antagonist 
activity 


hAR binding 


compd 


EC50* efficacy* 
(nM) (%) 


IC50* efficacy c 
(nM) (%) 


K\ b 
(nM) 


lb 

2 

8 


5±1 100 ±0 
0.3 ±0.1 128 ±12 
4±1 100 ±7 


na d 
na 

7481 ± 1655 36 ± 10 


3± 1 
4 ± 1 
17±3 



3 Cotransfection assay experiment values represent at least 
triplicate determinations. b Values represent mean ± SEM. EC50 
values represent the concentration of Hgand required to give half- 
maximal activation; IC50 values represent the concentration of 
ligand required to give half-maximal inhibition of DHT at its ECso- 
c Efficacies were compared to that of dlhydrotestosterone (100%). 
d Not active; defined as efficacy < 20%, potency > 10 000 nM. 

EtOH, reflux) to afford 4-ethyl-l,2,3.4-tetrahydro-6- 
(trinuoromethyl)-8-pyridono[5,6 -gjquinoline (8). 

In Vitro and in Vivo Biological Activity. 1. 
Cotransfection and Binding Assays. The AR agonist 
activities of 8 as well as that of the known AR agonists 
lb and 2 were studied experimentally in a cellular 
background through both ligand-dependent stimulation 
of reporter gene (luciferase) induction using the cotrans- 
fection assay 20 (Figure 1) and a whole-cell receptor 
binding assay (Table 1). Also included in Table 1 are 
data for the compound and standards tested in cotrans- 
fection assays using hAR in the antagonist mode in the 
presence of DHT at its EC50. Activities on other IRs 
including human progesterone receptor (hPR-B), human 
glucocorticoid receptor (hGR), human mineralocorticoid 
receptor (hMR). and human estrogen receptor (hER) 
were also determined, and there was found to be no 
agonist or antagonist response induced by compound 
8.21 

2. Two-Week LH Suppression Assay in Rats. The 
hypothalamic— pituitary axis in male rats and men 
functions as a feedback loop to regulate circulating 
levels of endogenous steroid (T. DHT) and gonadotropins 
[luteinizing hormone (LH), follicle-stimulating hormone 
(FSH)]. Castration causes a dramatic increase in secre- 
tion of pituitary LH. and restoration of androgen control 
and subsequently restoration of LH to normal physi- 
ologic levels can be achieved by administration of 




Intact Cx TP 
Figure 2. Suppression of luteinizing hormone (LH) in cas- 
trated (Cx) mature rats by compound 8 (20 mg/kg. po) or 
testosterone propionate (TP) (1 mg/kg, sc) daily for 2 weeks 
( n = 4 for all groups). All values represent the mean serum 
LH concentrations ± SEM. 

exogenous androgens. 22 Compound 8 was examined in 
this established model of androgen action to assess its 
ability to suppress castration-induced elevation of serum 
LH after oral administration (Figure 2). 

Results and Discussion. Compound 8 stimulates 
reporter gene expression in a concentration-dependent 
manner in the cotransfection assay, with a potency and 
efficacy equivalent to that of DHT (Figure 1). A slight 
antagonist response is observed only at the highest 
concentration (10 ^M) in the cellular background used 
for this assay. In vivo, testosterone propionate admin- 
istered subcutaneously at a dose of 1 mg/kg completely 
blocked the effects of castration, restoring serum LH 
levels to that of the intact control animals. Compound 
8 at a dose of 20 mg/kg administered orally was also 
fully efficacious at suppressing the castration-induced 
elevation of LH in the male rat. 

Conclusion. The data shown for LG 12 1071 (8) 
represent the discovery of the first known orally active, 
nonsteroidal AR agonist. This finding, together with 
earlier reports from these laboratories, 23 provides fur- 
ther support for a drug discovery approach targeting 
both agonists and antagonists of sex steroid hormone 
receptors diverging from a common pharmacophore. 
Compounds based on this novel template are the 
subjects of continued investigations toward development 
of therapeutically useful AR agonists with desirable 
tissue selectivity and avoiding structure-based side 
effects associated with compounds derived from steroi- 
dal templates. 
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ABSTRACT 

Androgens stimulate bone formation and play an important role in the maintenance of bone mass. Clinical 
observations suggest that both gonadal and adrenal androgens contribute to the positive impact of androgenic 
steroids on bone metabolism. We investigated the mechanism of action of the adrenal androgen dehydroepiandro- 
sterone (DHEA) and its sulfated compound dehydroepiandrosterone sulfate (DHEAS) on human osteoblastic cells 
(HOCs) in vitro. The DHEA- and DHEAS-induced effects were analyzed in parallel with the actions elicited by the 
gonadal androgen dihydrotestosterone (DHT). There was no qualitative difference between the effects of gonadal 
and adrenal androgens on HOC metabolism in vitro. Both were stimulatory as regards cell proliferation and 
differentiated functions, but the gonadal androgen DHT was significantly more potent than DHEA. The actions of 
DHT and DHEA on HOC proliferation and alkaline phosphatase (ALP) production could be prevented by the 
androgen receptor antagonist hydroxyflutamide and inhibitory transforming growth factor p antibodies (TGF- 
0ab), respectively, but were not affected by the presence of the 3/3-hydroxysteroid dehydrogenase (30HSD) and 
5-a-reductase (5-AR) inhibitor 17^-N,N-diethyIcarbamoyl-4-methyl-4aza-5a-androstan-3-one (4-MA). This indi- 
cates that DHT and DHEA (1) exert their mitogenic effects by androgen receptor-mediated mechanisms, (2) 
stimulate ALP production by increased TGF-/3 expression, (3) that the action of DHT is not affected by the 
presence of 4-MA, and that (4) DHEA does not need to be metabolized by 3/3HSD or 5-AR first to exert its effects 
on HOCs in vitro. (J Bone Miner Res 1997;12:464-471) 



INTRODUCTION 

THE GONADAL ANDROGENS TESTOSTERONE AND DIHYDROTEST- 
OSTERONE (DHT) are important regulators of bone cell 
activity and bone mass in animals 0 2) and humans/ 3,4) Ad- 
ditionally, declining serum levels of gonadal androgens are 
associated with osteopenia in vivo/ 5) Gonadal androgens 
are known to act directly on osteoblasts, stimulating growth 
and differentiation of osteoblastic cells in vitro by binding 
to an androgen receptor. (r,,7) Adrenal androgens also play a 
role in maintaining bone mass. Significant positive correla- 
tions have been observed between serum levels and bone 
mass in both animal and clinical studies/ 8 * 9 * Dehydroepi- 
androsterone (DHEA), the major adrenal androgen, re- 
duces the ovariectomy-induced osteopenia in rats (l0) and 
DHEA serum levels are positively correlated with bone 



mass in aging women and patients with deficient adrenal 
androgen production/ 1 1_13) Although a recent study has 
demonstrated that gonadal and adrenal androgens stimu- 
late alkaline phosphatase production by human bone cells 
by the same mechanism, (14) the effects of adrenal andro- 
gens on other aspects of bone cell metabolism, and the 
mechanism by which they exert their effects on bone cells, 
remain unknown. 

In view of the growing interest in DHEA and its sul- 
phated metabolite (DHEAS) as anti-aging drugs/ 15_20) the 
present studies were carried out to determine the effects of 
the adrenal androgen DHEA on the growth and differen- 
tiated functions of human osteoblastic cells (HOCs) in both 
early and late stages of culture to identify a possible mech- 
anism of action of adrenal androgens on HOC metabolism. 



"Ruprecht-Karls-University of Heidelberg, Department of Medicine, Heidelberg, Germany. 
^University of Bristol, Department of Anatomy, Bristol, United Kingdom. 
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ADRENAL ANDROGENS AND HUMAN BONE CELL METABOLISM 



MATERIALS AND METHODS 

Human bone cell cultures 

HOCs were obtained from bone biopsies of healthy, male 
patients (18, 19, 27, 43, 54, and 68 years) undergoing elec- 
tive orthopedic surgery. The experimental protocol was 
approved by the local ethics committee of the University of 
Heidelberg. HBCs were harvested and characterized as 
HOCs as described previously. (21) Briefly, cortical bone 
chips from the femoral shaft were thoroughly cleaned from 
periosteal tissue and bone marrow. After 10-20 days of 
continuous culture in Dulbeccos's modified Eagle's me- 
dium (DMEM) (GIBCO, Grand Island, NY, U.S.A.) with 
10% bovine calf serum (BCS) (Hyclone, Logan, Utah, 
U.S.A.) and 1% penicillin (100 U/ml)/streptomycin (100 
Mg/ml) solution (PS) (Irvine Scientific, Santa Ana, CA, 
U.S.A.), cells were digested from the bone chips by 
trypsinization and identified as bone cells on the basis of 
osteocalcin secretion, formation of mineral in vitro, type I 
collagen mRNA expression, and 1,25-dihydroxyvitamin D 3 - 
inducible alkaline phosphatase production. HOCs were 
grown at 37°C in humidified air (5% C0 2 /95% air) and only 
HOCs of the first and second passage were used in exper- 
iments. Twenty-four hours and 1 h prior to the addition of 
the steroids, the culture medium was changed to phenol 
red-free DMEM containing 1% charcoal-treated BCS and 
\% PS. HOCs were enumerated with a hemocytometer 
after 48 and 72 h. Alkaline phosphatase (ALP) activity, 
cellular protein, the number of ALP positive staining 
(ALP"*") HOCs, and osteocalcin secreted into the culture 
medium were determined after 72 h of continuous steroid 
treatment. For mineralization assays, HOCs were cultured 
in phenol red-free DMEM containing 10% charcoal- 
treated BCS and 1% PS. After reaching confluency, the 
culture medium was changed to fresh medium containing 
10 nM /3-glycerophosphate, 50 /xg/ml ascorbic acid, and 
steroids. For all experiments, control cultures received eth- 
anol vehicle (0.01% v/v) but did not receive the steroid. The 
adrenal androgens (DHEA, DHEAS) were generous gifts 
of Dr. Jan Stepan, Praque, Czech Republic; DHT was 
purchased from Sigma Chemical Co. (St. Louis, MO, 
U.S.A.) 1 70-N,N-diethylcarbamoyl-4-methyl-4aza-5a-an- 
drostan-3-one (4-MA) was obtained from Dr. Rasmusson 
(Merck, Sharp and Dohme Research Laboratories, Rail- 
way, NJ, U.S.A.). 

Statistical significance between groups was analyzed by 
the two-tailed Student's Mest or two-way analysis of vari- 
ance (ANOVA) as indicated. The results were expressed as 
percent of mean (n = 6) of controls (mean ± SD). All 
experiments were repeated at least twice. 

DNA synthesis assay 

[*H]thymidine incorporation was measured to detect the 
early effects of androgens on DNA synthesis. HOCs were 
cultured for 24 h in experimental medium in the presence of 
androgens, and [ 3 H]thymidine was added at 1 ^Ci/well for 
the last 6 h of the incubation period. After incubation with 
[ 3 H]thymidine, the medium was removed, the cell layer 
rinsed with phosphate buffered saline (PBS) twice, and 
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precipitated with 0.5 ml of 5% trichloroacetic acid (TCA). 
After rinsing with 5% TCA, the cells were solubilized using 
0.5 ml 0.25 M NaOH. One-half milliliter NaOH cell lysates 
were transferred into a 3.5 ml scintillation cocktail and 
measured in a /3-scintillation counter. 

Specific ALP activity and ALP staining 

After 72 h of continuous steroid treatment, cultures were 
rinsed with PBS, extracted with 0.01% Triton X-100 (Sigma 
Chemical Co.) containing 0.01% azide, 12.5 mM Tris buffer 
and 12.5 mM sodium bicarbonate at pH 10.3. The extracts 
were then frozen at -200°C overnight. The ALP activity 
was determined in the Triton X-100 cell extracts by spec- 
trophotometrically measuring the breakdown of paranitro- 
phenol-phosphate by ALP. The protein content in the Tri- 
ton X-100 cell extracts was determined using the bicionic 
acid (BCA) protein assay (Pierce, Rockford, IL, U.S.A.) 
and specific ALP activity was expressed as U/g of protein. 

For ALP + staining, HOCs were rinsed with PBS and 
stained using an azo-dye capture technique employing 
Naphthol AS-TR phosphate as substrate, fast blue violet 
LB salt, and 100 /xl of 10 mM magnesium chloride in 0.05 M 
tris buffer, pH 8.6 (Sigma Chemical Co.). After stain re- 
moval and a second rinse with PBS, the stained cells were 
counted in rasters across the culture wells under an inverted 
Leitz microscope (Leitz, Wetzlar, Germany) equipped with 
an eyepiece reticule. 

Osteocalcin secretion 

The concentration of osteocalcin in the culture media 
was measured by radioimmunoassay (OSCAtest assay, 
Henning Berlin GmbH, Berlin, Germany). The amount of 
osteocalcin measured in the culture media was corrected 
for cell protein in Triton extracts of the culture wells. 

Mineralization assay 

HOC populations were cultured in mineralization me- 
dium for 7 days before adding 1 /xCi/ml Ca 45 (ICN, Irvine, 
CA, U.S.A.). After 24 h, the culture wells were thoroughly 
rinsed twice with PBS and the mineral dissolved in 1 N HC1. 
The hydrolized mineral was centrifuged at 14,000 rpm for 5 
minutes, and the amount of Ca 45 incorporated into mineral 
was measured by liquid scintillography in an aliquot of the 
supernatant. 

Binding assay 

To examine DHEA binding in confluent HOC popula- 
tions, we performed displacement binding experiments in a 
whole-cell binding assay using the androgenic steroids 
DHT, methyltrienolone (= R1881), and DHEA. Briefly, 
24 h prior to binding analysis of confluent HOC popula- 
tions, the culture medium was changed to serum-phenol 
red-free DMEM. For the binding experiments, cultures 
were rinsed twice with cold PBS, and the culture medium 
was changed to serum-phenol red-free DMEM. Cultures 
were incubated with 1 nM of the radiolabeled androgenic 
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Tabu- la. Eftiicts or DHT and DHEA on Human Osteoblastic Cell Proliferation 

Concentration (nM) 

0.001 0.01 0.1 1 10 100 

48 h 

DHT 121 ±31* 195 ± 21 226 ± 14 273 ± 32 339 ± 22 365 ± 44 

DHEA 143 ± 12 200 ± 20 200 ± 14 243 ± 13 268 ± 31 256 ± 12 

DHEA + OHFlu f ND 127 ± 46 (NS) 154 ± 68 (NS) 145 ± 39 (NS) 154 ± 36* 145 ± 78 (NS) 

72 h 

DHT 136 ± 42* 129 ±9 139 ± 16 146 ± 21 200 ± 30 212 ± 14 

DHEA 125 ±6 141 ± 10 164 ± 12 180 ± 10 209 ± 22 235 ± 22 

DHT and DHEA at the indicated concentrations increased HBC proliferation after 48 and 72 h. There was no significant effect on cell 
proliferation with either compound after 24 h of treatment (data not shown). After 48 h, DHT was significantly more mitogcnic than 
DHEA as analyzed by ANOVA. The presence of 100 nM hydroxyflutamide (OHFlu) abolished the stimulatory effect of DHEA on human 
bone cell proliferation (data presented as mean of % of control ± SD; control counts: 575 ± 96,/? < 0.001; f p < 0.05; NS, not significant; 
ND, not determined; T effect of OHFlu alone 126 ± 36*). 



Table lb. Effects of DHEA and DHT on DNA Synthesis 
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DHEA 


881 


± 


32* 


924 


± 81 (NS) 


973 ± 163 (NS) 


1057 ± 


96 


1560 ± 


69 


DHEA + 1 nM DHT 


1182 


± 


164 + 


1127 


± 91 


1291 ± 165 


1314 ± 


216 


1613 ± 


182 


DHT 


1029 




122* 


1046 


± 112 (NS) 


1086 ±31(NS) 


1318 ± 


156 


1394 ± 


32 


DHT + 1 nM DHEA 


1336 


± 


67* 


1237 


± 199 (NS) 


1335 ± 117 


1674 ± 


337 


1674 ± 


285 



Human bone cells were treated with various doses of DHEA (DHT) in the absence and presence of 1 nM DHT (DHEA) for 24 h. 
[ 3 H]thymidine incorporated into trichloracetic acid precipitable material was counted by liquid scintillography as previously described. <16) 
* Control counts measured in the absence of any steroid. f Counts measured after treatment with 1 nM DHT alone. * Counts measured 
after treatment with 1 nM DHEA alone (data in cpm ± SD; p < 0.05; NS, not significant). 



compound 3 H-rnethyltrienolone ( 3 H-R1881 obtained from 
New England Nuclear, Danvers, MA, U.S.A., specific ac- 
tivity 86 Ci/mmol) alone ( = control) or together with var- 
ious doses of unlabeled DHEA, DHT, or R1881 for 1 h at 
4°C. The androgenic steroid methyltrienolone (R1881) was 
utilized for the whole-cell binding experiment because 
R1881 has a higher affinity to the androgen receptor (AR) 
than physiological compounds (e.g., testosterone) and can- 
not be metabolized by osteoblasts. After 1 h of incubation 
at 4°C, the cultures were rinsed twice with PBS, and 3 ml of 
0.25 N NaOH were added. After solubilization of the cell 
layers, the cell lysates were added to 15 ml of scintillation 
fluid and evaluated in a /3-scintillation counter. 



RESULTS 

Mitogenic action of gonadal and adrenal androgens 

The observation of positive correlations between serum 
levels of adrenal androgens and bone mass <13) and the 
finding that the number of differentiated osteoblasts deter- 
mines the amount of newly formed bone (22) suggest that 
adrenal androgens increase the number of bone cells. So 
far, gonadal androgens are the only androgenic steroids 
having been shown to exert direct proliferative action on 



HBCs via androgen receptor-mediated mechanisms. To 
examine the possible mitogenic effects of the adrenal ste- 
roids DHEA and DHEAS and to compare the effects with 
the action of gonadal androgens, HBC populations were 
treated in parallel with adrenal androgens and DHT. 
DHEA and DHT stimulated HOC proliferation in a dose- 
dependent manner after treatment for 48 and 72 h 
(Table la). We did not find a reproducible stimulatory 
effect of DHEAS on HOC proliferation (data not shown). 
There was no qualitative difference between the effects of 
DHEA and DHT on HOC growth, but DHT, at doses at or 
greater than 0.1 nM, elicited a significantly more potent 
mitogenic response than DHEA after 48 h of treatment 
(Tables la and 2). The finding of a greater mitogenic effect 
of DHT compared with DHEA may be attributable to a 
greater affinity of DHT to the androgen receptor. To test 
this possibility, displacement binding experiments were per- 
formed as shown in Figure 1. DHT was more than 20-fold 
as potent in competing with the synthetic androgen R1881 
for binding to androgen binding sites when compared with 
DHEA. There was no major difference between DHT and 
R1881 with regards to competing with labeled R1881 for 
binding to androgen binding sites of HOC. Therefore, the 
observation of a greater mitogenic effect of DHT (when 
compared with the mitogenic effect of DHEA on HOCs) 
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Tabli: 2. Epfhcts or 4-MA on nin Mitogenic Action of DHT and DHEA 



Concentration (nM) 







0 


0.01 


0J 


y 




10 


100 


DHT + 4-MA 






150 ± 33* 


183 ± 19 


233 ± 


27 


225 ± 16 


266 ± 27 




115 


± 29 (NS) 


160 ± 86 (NS) 


180 ± 40 


190 ± 


38 


230 ± 20 


290 ± 50 


DHEA + 4-MA 






100 ± 16 (NS) 


135 ± 14 


157 ± 


16 


214 ± 16 


221 ± 14 




115 


± 29 (NS) 


130 ± 15* 


146 ± 15 


161 ± 


14 


200 ± 17 


246 ± 25 



Human bone cells were treated with the indicated concentrations of DHT and DHEA in the absence and presence of 100 nM 4-MA 
for 48 h before the cells were counted with a hemocytometer (data presented as mean of % of control ± SD; control counts: 300 ± 80, 
p < 0.01; m p < 0.05; NS, not significant). DHT had a significantly greater effect on HBC proliferation than DHEA as determined by 
ANOVA. 




Steroid [nM] 

FIG. 1. Competing androgen binding in a human osteo- 
blastic cell population. Binding was determined by using a 
displacement assay as described in Materials and Methods. 
Data presented are expressed as counts in mean percent of 
binding (± SE) relative to the binding in the absence of 
competing androgen (= control) for each competing ste- 
roid concentration from six seperate experiments. The 50% 
displacement concentrations of the androgenic steroids 
were determined after logit-log transformation of the dis- 
placement curves: R1881, 3 nM; DHT, 3.3 nM; DHEA, 
80 nM. 



may be related to a greater affinity of DHT to the androgen 
receptor. 

Previously, we showed that the positive effect of DHT on 
HBC proliferation can be inhibited by the androgen recep- 
tor antagonist hydroxyflulamide (OHFlu). To test 
whether the mitogenic effect of DHEA can also be inhib- 
ited by OHFlu, the dose response experiment was repeated 
in the presence of the androgen receptor antagonist 
OHFlu. OHFlu alone had no significant effect on HOC 
proliferation, but the addition of OHFlu to DHEA abol- 
ished the proliferative effect of DHEA on HOCs 



(Table la). Therefore, the mitogenic actions of both DHT 
and DHEA on HBCs are mediated by the androgen 
receptor. 

If DHT and DHEA exert their positive effects on HBC 
proliferation by an androgen receptor-mediated mecha- 
nism, it should be possible to demonstrate an additive effect 
of DHEA and DHT on HOC growth in the lower concen- 
tration range. At higher androgen doses, there should be no 
additive interaction because all available androgen recep- 
tors are occupied by either compound. The observed pat- 
tern of responses was consistent with the expected results. 
After incubation for 24 h, either with 1 nM DHT and 
cotreatment with increasing concentrations of DHEA or 
with 1 nM DHEA and cotreatment with increasing concen- 
trations of DHEA, it was found that DHEA and DHT were 
additive on HOC growth in the lower dose range but were 
not additive at the higher doses tested (Table lb). 

An alternative explanation for the direct mitogenic effect 
of DHEA is a possible metabolization of DHEA by HOCs 
into androstenedione, testosterone, and DHT, which then 
binds to the androgen receptor and elicits the observed 
proliferative effects. To investigate this possibility, we re- 
peated the experiments testing the mitogenic effects of 
DHEA and DHT, but this time in the absence and presence 
of 4-MA, a 5-a-reductase inhibitor, which also has a potent 
inhibitory effect on 3/3-hydroxysteroid dehydrogenase (3/3- 
HSD). Inhibition of 3/3-HSD activity prevents the conver- 
sion of DHEA to androstenedione and testosterone, which 
could be further metabolized into aromatized compounds 
(e.g., 17/3-estradiol). <23) The presence of 4-MA did not 
affect the mitogenic actions of a wide dose range of either 
DHEA or DHT on HOC proliferation after 48 h of expo- 
sure (Table 2). This observation indicates that DHEA does 
not need to be metabolized by the actions of 3/3-HSD or 
5-a-reductase to exert a direct proliferative effect on HOC 
proliferation. 

Effects of adrenal and gonadal androgens on 
differentiated bone cell functions 

A committed osteoblastic stem cell developing into a 
mature osteoblast expresses the ALP gene before the os- 
teocalcin gene is turned on. (24) ALP stimulates mineral 
formation/ 25 * whereas the exact role of osteocalcin in the 
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Tabu; 3. Effect of Inhibitory TGF-/3 Antibodii-s on tub Stimulatory Action of DHT and DHEA 

on Specific ALP Activity 















Concentration (nM) 














0 




ft 01 






0.1 








1 






10 




100 


DHT + TGF-/3Ab 




147 


± 14 




139 


± 16 




158 




14 




172 


± 24 


142 


± 12 


102 ± 7 (NS) 


101 


± 14 


(NS) 


106 


± 18 


(NS) 


91 


± 


16 


(NS) 


94 


± 16 (NS) 


96 


± 12 (NS) 


DHEA + TGF-j3Ab 




125 


± 9 




140 


± 28 




148 




16 




158 


± 20* 


140 


± 9 


102 ± 7 (NS) 


108 


± 13 


(NS) 


116 


± 15 


(NS) 


117 




23 


(NS) 


108 


± 17 (NS) 


102 


± 9 (NS) 



Human bone cells were treated with DHT and DHEA in the absence and presence of 100 ng/ml TGF-/3Ab for 72 h (data presented 
as mean of percent of control ± SD; control: 58 ± 4 U/g of protein,/? < 0.01; * p < 0.05; NS, not significant). There is no significant 
difference between the stimulatory effects of both androgens on ALP (ANOVA). 



Table 4. Effect of 4-MA on the Action of DHT and DHEA on the Number of ALP Positive Staining HOC 











Concentration (nM) 














0 




0.01 


0.1 


1 




10 




100 




DHT + 4-MA 




98 


± 6 (NS) 


114 ± 11* 


130 ± 


9 


139 ± 


7 


179 ± 


14 




114 ± 13 (NS) 


120 


±6* 


130 ± 10 


125 ± 


6 


142 ± 


5 


153 ± 


13 


DHEA + 4-MA 


96 


± 7 (NS) 


114 ± 7 


131 ± 


5' 


153 ± 


8 


119 ± 


5 




114 ± 13 (NS) 


113 


± 11 (NS) 


125 ± 8 


129 ± 


13 


141 ± 


9 


121 ± 


4 



Human bone cells were treated with the indicated concentrations of DHT and DHEA in the absence and presence of 100 nM 4-MA 
for 72 h (data presented as mean of percent of control ± SD; control: 360 ± 40, p < 0.01; * p < 0.05; NS, not significant). There is no 
consistent quantitative difference between the positive effects of DHEA and DHT on the number ALP + HBC. 



(e.g., testosterone) could then elicit a positive effect on 
ALP activity. To investigate this possibility, HOCs were 
treated with DHT and DHEA with and without 4-MA 
being present, and this time the number of ALP + staining 
cells was determined. DHT and DHEA significantly in- 
creased the number of ALP + HOCs, whereby we did not 
find a reproducible quantitative difference between the 
positive effects of DHT and DHEA on the number of 
ALP + HOCs. The positive effects of DHT and DHEA on 
ALP + cells were not changed by the presence of 4-MA 
(Table 4). Thus, similar to the mitogenic action, the stim- 
ulatory effect of DHT and DHEA on ALP is also direct and 
does not require 5-a-reductase or 3/3-HSD activity to con- 
vert the androgen into another active compound. 

Increased osteocalcin secretion by bone cells occurs late 
in the osteoblastic differentiation process. (24) In vitro, in- 
creased osteocalcin secretion can be observed concomitant 
to the initiation of mineral formation. Osteocalcin secretion 
and mineral formation were measured after 3 and 7 days, 
respectively, to determine the effects of DHT and DHEA 
on the late osteoblastic differentiation processes. DHT and 
DHEA dose-dependently stimulated osteocalcin secretion 
with a maximum effect at 100 nM (Table 5). Both DHT and 
DHEA also significantly increased the formation of mineral 
in vitro. DHT was more potent than DHEA in this respect. 
Therefore, DHT and DHEA exhibit stimulatory effects on 
metabolic functions of HOCs (i.e., ALP production, osteo- 
calcin secretion, and mineral formation) occurring at dif- 
ferent stages of the osteoblastic differentiation process. 



mineralization process is not known. (24) Because gonadal 
androgens (e.g., DHT) have been shown to stimulate ALP 
production, we examined the possibility that DHT and 
DHEA have different effects on ALP and osteocalcin ex- 
pression and on the formation of mineral in vitro, respectively. 

Previously, we reported that the positive effect of the 
gonadal androgen DHT on ALP appears to be mediated by 
transforming growth factor beta 2 (TGF-j32) (26) which was 
also observed by Bodine et al. (14) Therefore, we sought to 
confirm that (1) DHEA does also increase ALP activity in 
HOCs and (2) that the positive effects of both DHT and of 
the adrenal androgen DHEA on ALP are mediated by 
TGF-/32. To this end, HOCs were treated with various 
doses of DHT and DHEA in the presence or absence of 
inhibitory TGF/3-antibodies (TGF-/3ab's). DHT and 
DHEA were found to have biphasic stimulatory effects on 
the ALP content of cells with maximal effective doses rang- 
ing between 1-10 nM (Table 3). There was no significant 
quantitative difference between the effects of DHT and 
DHEA on ALP activity. In the presence of inhibitory TGF- 
/3ab, the stimulatory effects of DHT and DHEA on ALP 
were abolished. This observation is consistent with the hy- 
pothesis that the positive effects of DHT and DHEA on 
ALP are both mediated by increased expression of TGF-/3. 

The effect of DHEA on ALP activity was somewhat 
(although not significantly) smaller compared with the ac- 
tion of DHT on ALP. This could be due to an indirect effect 
of DHEA, which needs to be metabolized into another 
androgenic compound first. This androgenic compound 
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Table 5. Effects of DHT and DHEA on Osteocalcin Secretion and Minerauzation in 

Culture 



Osteocalcin * Mineralization f 



(nM) 


DHT 


DHEA 


DHT 


DHEA 


0.001 


84 ± 18 (NS) 


95 ± 21 (NS) 


ND 


ND 


0.01 


111 ± 20 (NS) 


108 ± 14 (NS) 


ND 


ND 


0.1 


133 ± 12* 


112 ± 8* 


ND 


ND 


1 


139 ± 14* 


115 ± 6* 


206 ± 27 


116 ± 18 (NS) 


10 


145 ± 16 


128 ± 11 


233 ± 17 


151 ±21 


100 


151 ± 18 


153 ± 20 


236 ± 13 


170 ± 29 



* Human bone cells were treated with DHT and DHEA under serum-free conditions. After 72 h, 
secreted osteocalcin was measured in conditioned media and total cell protein in Triton X-100 cell 
extracts (data presented as mean of percent of control ± SD; control: 5 ± 1.3 mg/g protein; p < 0.01; 
*p < 0.05; NS, not significant). There is no significant difference between the stimulatory effects of 
both androgens on osteocalcin secretion as analyzed by ANOVA. t After reaching confluency human 
bone cell populations were treated with DHT and DHEA for 7 days before 1 fxCi/ml Ca 45 was added 
for 24 h (data presented as mean of percent of control ± SD; Ca 45 incorporated into mineral of control 
cultures: 9731 ± 1080 cpm;p < 0.01; NS, not significant; ND, not determined). DHT has a significantly 
greater effect on the stimulation of in vitro mineralization than DHEA (determined by ANOVA). 



DISCUSSION 

The role of adrenal androgens in regulating bone metab- 
olism and their possible mechanism of action is not clear. 
Only recently have some of the effects of adrenal androgens 
on human bone cells been investigated in greater detail. (14) 
We sought to extend our knowledge about the mechanism 
of action of adrenal androgens on human bone cells by 
comparing the effects of gonadal and adrenal androgens on 
human bone cell growth and osteoblastic functions. The 
results presented in this study demonstrate that DHT and 
the adrenal androgen DHEA have similar stimulatory ac- 
tions on human bone cell proliferation and differentiated 
cell functions in vitro. Both DHT and DHEA increase 
human bone cell growth and stimulate osteoblastic func- 
tions occurring early (i.e., alkaline phosphatase expression) 
and late (i.e., osteocalcin secretion and mineralization) dur- 
ing osteoblastic differentiation/ 24 * Therefore, gonadal and 
adrenal androgens have similar effects on the regulation of 
bone cell metabolism. Quantitative differences between 
DHT and DHEA with regard to their mitogenic and dif- 
ferentiation stimulating effects may be related to differ- 
ences in their binding affinities to the androgen receptor, 
which has previously been reported for the effects of DHT 
and testosterone. (32) 

Similar to the findings of Bodine et al., (I4) we also 
observed similar effects of DHEA and DHT on ALP pro- 
duction and osteocalcin secretion. The finding of similar 
dose- and time-dependent effects of gonadal and adrenal 
androgens on HOC metabolism suggests a similar mecha- 
nism of action for both androgens. An additive effect of 
DHEA and DHT was observed on HOC proliferation in 
the lower concentration range. At higher androgen doses, 
there was no additive interaction, presumably because all 
available androgen receptors were occuppied by either 
compound. If DHT and DHEA act through the same an- 
drogen receptor-mediated mechanism, the effects of 



DHEA should also be blocked by the androgen receptor 
antagonist hydroxyflutamide, which has previously been 
demonstrated for DHT-induced effects on HOCs/ f,) The 
nonsteroidal androgen receptor antagonist hydroxyflut- 
amide abolished the positive effect of DHEA on HOC 
proliferation, indicating that DHEA binds directly to the 
androgen receptor of HOC. Contrary to the present find- 
ing, Grover and Odell (27) did not observe DHEA binding to 
the cytosolic androgen receptor in rat prostate extracts. 
There are three possible explanations for this discrepency. 
First, there may be a species-related difference in the bind- 
ing characteristics of androgen receptors. The exchange of 
a single amino acid residue can have a major impact on the 
binding pattern of steroid receptors, as recently demon- 
strated for the murine glucocorticoid receptor. (28) Second, 
the protein extraction procedure of Grover and Odell may 
have altered the androgen receptor structure, for example 
by separating components of the androgen receptor het- 
erotetrameric complex, <29) which may affect the binding 
characteristics of the androgen receptor protein/ 30 31 * 
Third, DHEA may be converted into androstenedione, tes- 
tosterone, and DHT, which could then bind to the androgen 
receptor and elicit the observed effects. In addition, these 
compounds may in turn be further metabolized by 3/3- 
hydroxysteroid-dehydrogenase into aromatized bone-active 
compounds, such as 17/3-estradiol/ 23) To examine the third 
possibility, HOCs were treated with DHEA in the presence 
of 4-MA, which blocks 5-a-reductase and 3j3-hydroxy- 
steroid dehydrogenase activity* 23 * and had no effect either 
on the stimulatory effects of DHEA on HOC proliferation 
or on the induced increase in the number of ALP positive 
staining bone cells. Consequently, the combined treatment 
with DHEA and 4-MA prevents a possible conversion of 
DHEA into testosterone, DHT, and estrogens. The pres- 
ence of 4-MA did not affect the stimulatory effects of 
DHEA on HOC proliferation and on the increase in the 
number of ALP* staining bone cells. This demonstrates 
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that DHEA acts directly on HOCs via binding to the an- 
drogen receptor and does not need to be metabolized first 
to testosterone and DHT. 

The conclusion that both DHT and DHEA regulate 
HOC metabolism by the same mechanism is supported by 
the observation that both androgens induce TGF-02 secre- 
tion in HOC populations that stimulate ALP production in 
a parakrine fashion, (14) and by our finding that inhibitory 
TGF-/3 antibodies abolished stimulatory effects of both 
DHT and DHEA on ALP production in HOC populations. 
This observation is consistent with the hypothesis that the 
positive effects of DHT and DHEA on ALP are mediated 
by TGF-/32. In contrast to the findings of Bodine et al., (14) 
we observed equipotent effects for DHEA and DHT on 
HOC metabolism. Possibly this difference is due to differ- 
ences in the homogeneities of the HOC populations stud- 
ies. We used only male HOCs for our experiments, whereas 
Bodine et al. used pooled HOC populations of male and 
female origin. Whether male HOCs are more responsive 
than female HOCs to gonadal and adrenal androgens is 
currently under investigation. Certainly gonadal and adre- 
nal androgens are potent regulators of growth and osteo- 
blastic functions in males and females, and androgens are 
responsible for the sexual dimorphism observed in the 
skeleton. 

Considering the relatively high serum concentrations of 
adrenal androgens compared with gonadal androgens and 
estrogens in both sexes, it is conceivable that adrenal an- 
drogens could play a more important role in the mainte- 
nance of bone mass than previously realized. Adrenal an- 
drogens may be particularly important in aging males and 
postmenopausal females when serum levels of testosterone 
and estrogens decline. 
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Natural and pharmacological androgen receptor 
(AR) ligands were tested for their ability to induce 
the AR NH 2 -terminal and carboxyl -terminal (N/C) 
interaction in a two -hybrid protein assay to deter- 
mine whether N/C complex formation distin- 
guishes in vivo AR agonists from antagonists. 
High-affinity agonists such as dihydrotestoster- 
one, mibolerone, testosterone, and methyltrien- 
olone at concentrations between 0.1 and 1 niu in- 
duce the N/C interaction more than 40-fold. The 
lower affinity anabolic steroids, oxandrolone and 
fluoxymesterone, require concentrations of 10-100 
nM for up to 23-fold induction of the N/C interac- 
tion. However no N/C interaction was detected in 
the presence of the antagonists, hydroxyf lutamide, 
cyproterone acetate, or RU56187, at concentra- 
tions up to 1 jam, or with 1 /am estradiol, progester- 
one, or medroxyprogesterone acetate; each of 
these steroids at 1-500 nM inhibited the di hyd rotes - 
tosterone-induced N/C interaction, with medroxy- 
progesterone acetate being the most effective. In 
transient and stable cotransfection assays using 
the mouse mammary tumor virus reporter vector, 
all ligands displayed concentration-dependent AR 
agonist activity that paralleled induction of the N/C 
interaction, with antagonists and weaker agonists 
failing to induce the N/C interaction. AR dimeriza- 
tion and DNA binding in mobility shift assays and 
AR stabilization reflected, but were not dependent 
on, the N/C interaction. The results indicate that 
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the N/C interaction facilitates agonist potency at 
low physiological ligand concentrations as de- 
tected in transcription, dimerization/DNA binding, 
and stabilization assays. However the N/C interac- 
tion is not required for agonist activity at suffi- 
ciently high ligand concentrations, nor does its in- 
hibition imply antagonist activity. (Molecular 
Endocrinology 13: 440-454, 1999) 



INTRODUCTION 

Androgen receptor (AR) function is required for male 
sex development in the fetus, virilization at puberty, 
and maintenance of reproductive function in the adult. 
Interruption of these processes by pharmacological 
androgen antagonists or environmental endocrine dis- 
rupters can cause incomplete masculinization of the 
fetus or possibly reduced male fertility later in life (1 , 2). 
Overstimulation of the prostate by androgen agonists 
may promote prostate cancer (3). Experimental ap- 
proaches to identify and distinguish AR agonists from 
antagonists would aid in the classification of environ- 
mental and pharmaceutical chemicals since ligand- 
binding affinity alone does not necessarily reflect bio- 
logical potency, and transient transcriptional assays 
can be hampered by the complexity of the systems. 

Previous studies from this laboratory identified an 
AR NH 2 -terminal and carboxyl-terminal (N/C) interac- 
tion that requires high-affinity androgen binding (4). 
The androgen-induced N/C interaction is inhibited by 
the androgen antagonist hydroxyflutamide. These re- 
sults raised the possibility that an N/C interaction is 
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required for AR agonist activity and that its interruption 
is a prerequisite for antagonist activity. Similar studies 
with the estrogen receptor revealed a ligand-depen- 
dent N/C interaction that predicted parallel dimeriza- 
tion (5). Recent studies on AR suggest that its N/C 
interaction is intermolecular and results in the forma- 
tion of an antiparallel homodimer (6). A feature com- 
mon to both models is the requirement for high-affinity 
agonist binding to promote the N/C interaction. In the 
present report we tested the requirement for the AR 
N/C interaction in relation to AR dimerization, DNA 
binding, and transcriptional activity in transient and 
stable cotransfection assays to distinguish the activi- 
ties of several natural and pharmaceutical agonists 
and antagonists. The results suggest that at higher 
concentrations, certain weak AR agonists such as me- 
droxyprogesterone acetate (MPA) activate AR through 
a mechanism that does not involve the N/C interac- 
tion, although potent agonists capable of AR activa- 
tion at low ligand concentrations induce the N/C 
interaction. Furthermore, inhibition of the N/C interaction 
does not necessarily reflect the activity of an antagonist. 



RESULTS 

Ligand Binding Affinities 

Binding affinities of ligands listed in Table 1 are indi- 
cated as apparent equilibrium binding constant (K d ) 
determined by Scatchard analysis as previously re- 
ported, inhibition constant Kj of endogenous AR in rat 



prostate extracts, or the concentration required for 
50% inhibition of [ 3 H]methyltrienolone (R1881) binding 
to recombinant AR in transfected COS ceils (Table 1). 
Relative competitive binding affinities for [ 3 H]R1881 in 
transfected COS cells were mibolerone ~ R1881 > 
RU56187 > dihydrotestosterone (DHT) ~ MPA ~ pro- 
gesterone > estradiol (E 2 ) > cyproterone acetate > 
testosterone — oxandrolone ~~ fluoxymesterone > hy- 
droxyflutamide. Chemical structures of several of the 
ligands are shown in Fig. 1 . Binding of DHT and tes- 
tosterone was weaker in the COS cell assay when 
compared with apparent equilibrium binding affinities 
in tissue cytosols (Table 1) likely resulting from partial 
metabolism during the 2-h 37 C incubation. Analysis of 
COS cells transfected with the parent plasmid lacking 
the AR sequence showed binding only of [ 3 H]proges- 
terone. Lack of binding of [ 3 H]R1881 and [ 3 H]mibo- 
lerone in the absence of AR expression suggested that 
this endogenous binding activity was not due to the 
progesterone receptor (7-10). Inhibition constants for 
the anabolic steroids oxandrolone (Kj 62 niw) and flu- 
oxymesterone (Kj 44 nw) were less than that of hy- 
droxyflutamide (Kj 175 hm), but about 100 times 
greater than the equilibrium binding constant (K d ) for 
high affinity agonists such as DHT. Competitive bind- 
ing by MPA and RU56187 were similar to DHT, al- 
though the reported K d values for MPA were slightly 
greater than that for DHT (Table 1). 

N/C Interaction 

Induction of AR N/C complex formation was deter- 
mined in a two-hybrid protein assay using Chinese 



Table 1. Summary of Human AR Ligand Binding Affinities, Ligand-lnduced N/C Interaction, and Transcriptional Activation 
and Inhibition 





K d (nM) 


K, (nM) 


Competitive 
Binding (nM) 


N/C 


Agonist 

MMTV 

(nM) 


Antagonist 

N/C MMTV 
(n M ) 


DHT 


0.2-0.5 




100 


0.1 


0.001 


_a 




Mibolerone 


0.53 




12 


0.1 


0.001 






Testosterone 


0.2-0.5 




220 


1 


0.01 






R1881 


0.6 




15 


1 


0.001 






Oxandrolone 




62 


260 


10 


1 






Fluoxymesterone 




44 


300 


100 


1 






MPA 


1.7-3.6 




75 




0.1 


1 




RU56187 


0.39 




35 




10 


10 


100 


Estradiol 




110 


120 




10 


50 


500 


Progesterone 






62 




100 


50 


500 


Cyproterone acetate 






170 




100 


50 


100 


Hydroxyflutamide 




175 


460 




10,000 


50 


100 



The apparent equilibrium binding constant (K d , nM) is indicated for DHT (62), mibolerone (63), testosterone (62), R1881 (64), MPA 
(28, 42), and RU56187 (14). The K, (nM) is indicated for E 2 (1), oxandrolone, fluoxymesterone, cyproterone acetate, and 
hydroxyflutamide. Approximate unlabeled ligand concentrations (nM) that cause 50% competitive inhibition of 5 nM pHjRlSSI 
binding to recombinant human AR expressed in COS cells were determined as described in Materials and Methods. Ligand 
concentrations (nM) that induce at least 10-fold agonist activity were determined in the two-hybrid N/C interaction assay in CHO 
cells (N/C) and transcriptional activation of MMTV-luciferase in CV1 cells (MMTV). Ligand concentrations (nM) for 50% inhibition 
(antagonist activity) were determined in the two-hybrid N/C interaction assay in CHO cells in the presence of 1 nM DHT (N/C) or 
with the MMTV-luciferase reporter in CV1 cells in the presence of 0.1 nM DHT (MMTV). 
° Dashes indicate not detectable. 
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Oxandrolone Fluoxymesterone 
Fig. 1. Chemical Structures for MPA, RU56187, DHT, Oxandrolone, and Fluoxymesterone 



hamster ovary (CHO) cells as previously described 
(4, 6). Relative ligand potency between 0.1 nM and 1 
{am was DHT ~ mibolerone > testosterone ~~ 
R1881 > oxandrolone > fluoxymesterone (Fig. 2). 
No N/C interaction was detected with MPA, 
RU56187, E 2 , progesterone, hydroxyflutamide, or 
cyproterone acetate up to concentrations of 1 /xm. 
Induction of the N/C interaction did not correlate 
with relative binding affinities (Fig. 2 and Table 1). 
The relatively high-affinity ligands, MPA and 
RU56187, failed to promote the N/C interaction, 
whereas the lower affinity anabolic steroids, oxan- 
drolone and fluoxymesterone, induced the N/C in- 
teraction. The inability of MPA to induce the N/C 
interaction was not limited to CHO cells, as it was 
also ineffective in monkey kidney CV1 or COS cells 
where 5-fold induction of the N/C interaction was 
observed with 1 nM DHT (data not shown). 

Inhibition of the DHT-induced N/C interaction by 
hydroxyflutamide reported previously (4) raised the 



possibility that this inhibition may be necessary for and 
indicative of androgen antagonist activity. Because 
MPA is a weak AR agonist in vivo (11-13), it was 
surprising that MPA at concentrations as low as 10 nM 
blocked the DHT-induced N/C interaction and was 
about 50 times more potent than hydroxyflutamide as 
an inhibitor (Fig. 3 and Table 1). RU56187 was a 
slightly less potent inhibitor of the N/C interaction than 
MPA, exhibited a high AR equilibrium binding affinity, 
and is reported to have antagonist activity in vivo (14, 
15). Ligands with less inhibitory activity than MPA or 
RU56187 at concentrations between 50 and 500 nM 
were hydroxyflutamide, cyproterone acetate, E 2 , and 
progesterone (Fig. 3 and Table 1). The anabolic ste- 
roids, oxandrolone and fluoxymesterone, and the po- 
tent androgen agonists, DHT, mibolerone, testoster- 
one, and R1881, showed little or no inhibition of the 
DHT-induced N/C interaction. 

To investigate the possibility that MPA induces an 
AR carboxyl-terminal/carboxyl-terminal (C/C) interac- 
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Fig. 2. Ligand Dependence of the AR N/C Interaction Determined in a Two- Hybrid Protein Assay in CHO Cells 

CHO cells were transfected with GALD-H and VPAR1-660 human AR fusion protein expression vectors and the G5E1b- 
luciferase reporter vector as described in Materials and Methods. Cells were incubated with increasing concentrations of DHT, 
T (0.1-100 nM), methyltrienolone (R1881), mibolerone (MIB) (0.1-10 nM), oxandrolone (OXAND), fluoxymesterone (FLUOXY) 
(0.1-100 nM), MPA, RU56187, E 2 , progesterone (PROG), hydroxyflutamide (OH-FL), and cyproterone acetate (CA) (0.1-1000 nM) 
as indicated. Shown are the optical luciferase units, and above the bars, the fold induction relative to the activity determined in 
the absence of ligand. The data are representative of at least three independent experiments. 



tion, we tested GALD-H with VPD-H in the two-hybrid 
assay. VPD-H contains the VP16 transactivation do- 
main linked as a fusion protein to the AR hinge and 
steroid-binding domain amino acid residues 624-919 
and was used previously to demonstrate lack of a C/C 
interaction induced by DHT (4). Neither MPA nor DHT 
induced a C/C interaction in this assay more than 
2-fold (results not shown). 

Transcriptional Activation 

Agonist and antagonist activities were determined in 
CV1 cells transiently transfected with a mouse mam- 
mary tumor virus (M MTV) -luciferase reporter and full- 
length human AR expression vectors. Ligands with 
more than 10-fold agonist activity at 0.001 nM were 
DHT, mibolerone, and R1881 (Fig. 4 and Table 1). 
Similar induction was achieved by 0.01 nM testoster- 
one, 0.1 nM MPA, and 1 nM oxandrolone or fluoxyme- 
sterone. Cyproterone acetate, progesterone, E 2 , and 



RU56187 induced luciferase activity at concentrations 
between 10 and 100 nM, but transcriptional activity 
remained low at 100 nM hydroxyflutamide, the latter 
requiring concentrations of 1-10 jllm for agonist activity 
in this assay (16). Agonist potency, therefore, tended 
to parallel the ligand-induced N/C interaction. Lack of 
an N/C interaction induced by MPA is associated with 
100-fold higher MPA concentrations necessary for 
transcriptional activity compared with DHT. 

When transcriptional activity was tested in the same 
cells (CHO cells) used for the N/C two-hybrid assay 
but using the MMTV-luciferase reporter, 10- to 100- 
fold higher MPA concentrations were also required 
relative to DHT. In CV1 cells transfected with the 
MMTV-luciferase reporter and the pCMV5 parent plas- 
mid lacking AR sequence, there was no induction of 
luciferase activity by MPA or any other ligand tested, 
ruling out the possibility that MPA activity was medi- 
ated through an endogenous receptor or altered lucif- 
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DHT (1 n&T 
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Fig. 3. Inhibition of the DHT-lnduced AR N/C Interaction Determined in the Two-Hybrid Protein Interaction Assay in CHO Cells 
CHO cells were transfected with the AR fusion expression vectors and the G5E1 b-luciferase reporter vector as described in 
Materials and Methods and incubated with and without 1 nM DHT or in the presence of 1 nw DHT with increasing concentrations 
of the indicated ligands (abbreviations as in Fig. 2 legend). Optical luciferase units are shown with the fold induction relative to 
the activity determined in the absence of ligand indicated above the bars. The data are representative of at least three independent 
experiments. 



erase expression by a nonreceptor mechanism. A lu- 
ciferase reporter vector with two copies of the MMTV 
glucocorticoid response element separated by a 
29-bp linker derived from pMTV29VTM (17) and 
cloned into pT81Luc (18) also had greater agonist 
activity with DHT relative to MPA (data not shown). 

Antagonist activity of the ligands was tested in CV1 
cells by coincubation with 0.1 nM DHT. Hydroxyflut- 
amide was the most effective antagonist with about 
50% inhibition at 100 nM (Fig. 5). Cyproterone acetate 
was slightly less effective, and RU56187 had some 
inhibitory activity but decreased in effectiveness at 
higher concentrations. Antagonist activity was also 
observed with increasing concentrations of progester- 
one and E 2 , but none was observed with MPA (Fig. 5) 
or with the high-affinity agonists or the anabolic ste- 
roids (results not shown). Thus, except for MPA, at 
least partial inhibition of DHT-induced transcriptional 
activity correlated with inhibition of the DHT-induced 
N/C interaction. 



The inability of MPA to induce the N/C interaction 
but have agonist rather than antagonist activity in tran- 
sient transcription assays and in vivo (11-13, 19) 
prompted us to investigate whether two AR mutants 
that cause severe androgen insensitivity might be se- 
lectively activated by MPA in transient cotransfection 
assays. The mutants, V889M and R752Q, each retain 
high-affinity equilibrium binding of [ 3 H]R1881 (20-22) 
but are defective in the N/C interaction (6). V889M had 
a similar blunted response to both DHT and MPA in the 
MMTV-luciferase reporter assay in CV1 cells, whereas 
R752Q required about 10-fold higher concentrations 
of MPA (10 nM) relative to DHT to induce transcription 
(data not shown). Thus, neither mutant defective in the 
N/C interaction was efficiently activated by MPA or 
DHT, suggesting that these regions of the ligand- 
binding domain are important in AR activation by 
both steroids. 

The weak in vivo AR agonist activity reported for 
MPA (11-13, 19) is reflected in iMMTV-luciferase as- 
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DHT MIB T R1881 MPA OXAN FLU CA PROG E 2 RU56187 OH-FL 

Fig. 4. Ligand- Dependent AR-Mediated Transcriptional Activation of the M MTV- Lucif erase Reporter Vector in CV1 Cells 

CV1 cells were transfected with 0.1 ^g pCMVhAR full-length human AR expression vector and 5 hq MMTV-luciferase reporter 
vector using calcium phosphate as described in Materials and Methods. Transfected cells were incubated with increasing 
concentrations of the indicated ligands (abbreviations as in Fig. 2 legend). Shown is the fold induction of luciferase activity relative 
to the activity determined in the absence of ligand. The data are representative of at least three independent experiments. 



says by the requirement for higher MPA concentra- 
tions relative to DHT for reporter gene activation. Nev- 
ertheless, the agonist activity of MPA was surprising 
considering that MPA inhibits the N/C interaction bet- 
ter than most antagonists. We therefore tested a CHO 
cell line in which the MMTV-luciferase reporter and 
human AR expression vectors were stably integrated 
in the genome using pcDNA3.1/Zeo vector with the 
zeocin gene and the human AR-coding sequence (K. 
Bobseine and W. R. Kelce, unpublished data). Cell 
lines such as this were used previously to distinguish 
agonist activities not detected by transient transfec- 
tion (24). DHT at 0.1 nM stimulated luciferase activity 
2-fold while MPA required a 10-fold higher concentra- 
tion for similar induction (data not shown). A greater 
overall response to MPA (10-fold) compared with DHT 
(6-fold) likely resulted from MPA activation of endog- 
enous glucocorticoid receptor since coincubation with 
500 nM hydroxyflutamide inhibited MPA-activated 
gene transcription about 50% and DHT activity by 
95%, but had no effect on induction by dexametha- 
sone (data not shown). The AR-mediated MPA re- 



sponse was therefore similar to that of DHT, but 
required higher steroid concentrations as observed 
in the transient assays. The chromatin arrangement 
of the reporter gene seemed to have little effect on 
the relative concentration-dependent gene activa- 
tion by DHT and MPA. 

Dimerization and DNA Binding 

Because binding of baculovirus expressed full-length 
AR to androgen response element DNA requires ex- 
posure of Sf9 cells to androgen and is inhibited by 
coincubation with the antagonist hydroxyflutamide 
(25), we tested the activity of these ligands to promote 
AR DNA binding in vitro. DNA binding of full-length AR 
was observed with 50 nM DHT, mibolerone, MPA, ox- 
androlone, fluoxymesterone (Fig. 6A), or 50 nM R1881 
or testosterone (Fig. 6B). Concentrations of DHT or 
R1 881 less than 50 nM reduced AR DNA binding prob- 
ably due to insufficient saturation of baculovirus- 
expressed AR (data not shown). AR DNA binding was 
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Fig. 5. AR Antagonist Activity in CV1 Cells 

CV1 cells were transfected with 0.1 pCMVhAR and 5 m9 MMTV-luciferase reporter vector as described in Materials and 
Methods and incubated in the presence and absence of 0.1 nM DHT or in the presence of 0,1 nM DHT with increasing 
concentrations of the indicated ligands (abbreviations as in Fig. 2 legend). Shown is the fold induction relative to activity 
determined in the absence of DHT. The data are representative of at least three experiments. 



observed at 1 /am RU56187 or hydroxyflutamide but 
was barely detectable with 1 /am progesterone, E 2 , or 
cyproterone acetate (Fig. 6). 

Dimerization and DNA binding of baculovirus-ex- 
pressed AR NH 2 - and carboxyl-terminal fragments 
that contain the DNA-binding domain were also shown 
previously to distinguish androgen agonists and an- 
tagonists (25). While the NH 2 -terminal and DNA-bind- 
ing domain fragment AR1-660 (not shown) and the 
DNA- binding and carboxyl-terminal fragment AR507- 
919 (Fig. 7, lanes C) each homodimerize and bind DNA 
independently of hormone, agonists are required for 
dimerization and DNA binding of the N/C complex and 
an antagonist such as hydroxyflutamide inhibits this 
DHT-induced DNA binding (25, 26). Since both frag- 
ments contain the DNA-binding domain, dimerization 
could be mediated by the DNA-binding domain and/or 
by the N/C interaction. Results of this assay (25) and 
others (22) nevertheless predicted the AR N/C inter- 
action, which was later confirmed in the two-hybrid 
interaction assay (4). 



Dimerization and DNA binding of the AR fragments 
were observed at 50 nM DHT, mibolerone, testoster- 
one, and R1881 (Fig. 7A, C+N) but required 0.5-1 /am 
oxandrolone or fluoxymesterone for similar activity. 
MPA-induced dimerization and DNA binding of the 
two AR fragments were somewhat less efficient than 
DHT but similar to the anabolic steroids (Fig. 7, A and 
B). Only slightly weaker DNA binding of the N/C hy- 
brids was detected using cyproterone acetate and E 2 , 
whereas 1 /am RU56187 or 1 /am progesterone was 
required for DNA binding, and; essentially no DNA 
binding was detected with 1 jam hydroxyflutamide (Fig. 
7 and Table 2). Binding of the homodimer C fragment 
alone was most effective with mibolerone, testoster- 
one, and R1881; it was not detected with 50 nM DHT, 
required 500 nM MPA, and was weak to undetectable 
with the anabolic steroids and other ligands (Fig. 7, 
lanes C). Similar high-level AR ; expression was ob- 
served by immunoblot analysis of full-length AR or the 
AR507-91 9 fragment after the different hormone treat- 
ments and expression levels were independent of the 
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Fig. 6. Ligand-Dependent DNA Binding of Full-Length Hu- 
man AR Expressed in Baculovirus 

Sf9 cells expressing human AR were incubated with in- 
creasing concentrations of ligands as described in Materials 
and Methods. Cells were extracted in high-salt buffer, dia- 
lyzed to reduce the salt content, and incubated with 32 P- 
labeled androgen response element DNA as described in 
Materials and Methods. Shown is a reproduction of films in 
which the free 32 P-labeled oligo bands were removed from 
the bottom. In panels A and B, 50, 250, and 1000 nM of the 
indicated ligands were added in lanes 1-18 (abbreviations as 
in Fig. 2 legend). Lane 19 contains extracts from cells left 
untreated with recombinant virus or ligand. The AR- 32 P-oligo 
complex typically migrates as a double band (indicated with 
arrows) with the upper more slowly migrating band being 
predominant. In the absence of ligand the AR- 32 P-oligo com- 
plex is not detected (25). 



extent of AR dimerization and DNA binding (data not 
shown). 

Thus, MPA, cyproterone acetate, E 2 , and progester- 
one at concentrations between 50 nM and 1 jam induce 
dimerization and DNA binding of the NH 2 - and 
carboxyl-terminal AR fragments, where both frag- 
ments contain the AR DNA-binding domain (Fig. 7B). 
Yet none of these ligands, except for MPA, promote 
DNA binding of full-length AR and none induce the 
N/C two-hybrid interaction (Fig. 7A). The effectiveness 
of these ligands to induce dimerization and DNA bind- 
ing of the AR NH 2 - and carboxyl-terminal fragments in 
mobility shift assays is confounded by the presence of 
the dimerization region in the DNA-binding domain. 
We therefore attempted to address the contribution of 
the AR DNA-binding domain in the two-hybrid assay 
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Fig. 7. Ligand Dependence of the AR NH 2 -Terminal and 
Carboxyl -Terminal Fragment Dimerization and DNA Binding 
in DNA Mobility Shift Assays 

Human AR NH 2 -terminal DNA-binding domain fragment 
AR1-660 (N) and DNA ligand-binding domain-carboxyl ter- 
minal fragment AR507-919 (C) were expressed separately in 
Sf9 cells. Cells expressing C were incubated at the indicated 
ligand concentrations. After high-salt extraction and dialysis 
to lower the salt concentration, 20 txg total protein of N or C 
or 10 fxg each of the N- and C-terminal fragments were 
combined and analyzed in DNA mobility shift assays as de- 
scribed in Materials and Methods. Cells expressing C were 
incubated with 50 nM DHT, mibolerone (MIB), testosterone 
(T), and R1881 (shown in panel A) along with 50, 500, and 
1000 nM oxandrolone (OXAND) and fluoxymesterone (FLU- 
OXY). R1881 (50 nM) is repeated in panels B and C as a 
control along with 50, 500, and 1000 nM MPA, RU56187, and 
cyproterone acetate (CA) (panel B), and the same concentra- 
tions of E 2 , progesterone (Prog), and hydroxyfiutamide (OH- 
FL) (panel C). Shown are reproductions of films where the free 
32 P-oligo band was cut from the bottom. Migration of the N + 
C and C complexes is indicated by arrows. 
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Table 2. Summary of AR Stabilization and Half-Times of pHJLigand Dissociation, AR DNA Binding, and in Vivo Activity of 
ligands ^ 





Stability 
(nM) 


[ 3 H]Ugand 
Dissociation 
Rate (h) 


DNA Binding 
(hm) 


In Vivo Activity 


DHT 


1 


3.4 


50 


Agonist 


Mibolerone 


1 


3.5 


50 


Agonist 


Testosterone 


5 


1.2 


50 


Agonist 


R1881 


1 


3.7 


50 




Oxandrolone 


10 




500 


Agonist 


Fluoxymesterone 


10 




500 


Agonist 


MPA 


100 




50 


Agonist 


RU56187 


_a 


0.08 


1000 


Antagonist 


E 2 




0.67 


1000 




Progesterone 


1000 




1000 




Cyproterone acetate 


1000 




1000 


Antagonist 


Hydroxyflutamide 








Antagonist 



Ligand-dependent AR degradation was determined at 37 °C in COS cells using [ 35 S]methionine-labeled AR as described in Fig. 
8. Indicated are the approximate ligand concentrations required to reduce AR degradation to approximately t'A > 5 h at 37 °C. 
Half-times of ( 3 H]ligand dissociation (h) were determined at 37 °C in COS cells for DHT, testosterone, and R1881 (22), and for 
RU56187 and E 2 as described in Fig. 9. Ligand-dependent AR DNA binding was determined in mobility shift assays as described 
in Fig. 6. Shown are the ligand concentrations that effected DNA binding of baculovirus-expressed full-length human AR. In vivo 
agonist and antagonist activities were as previously reported for oxandrolone (45, 46), fluoxymesterone (46), MPA (11-13, 19), 
RU56187 (14, 15), cyproterone acetate (65), and hydroxyflutamide (66, 67). 

e Dashes indicate not detectable up to a concentration of 1 jum. 



by testing the interaction of a fusion protein comprised 
of the GAL4 DNA-binding domain and AR DNA and 
ligand-binding domains (GAL-AR507-919) with 
VPAR1-660 or VPAR. However, lack of an interaction 
in this and additional experiments using GAL-AR 
(GAL4 DNA-binding domain-full-length AR fusion pro- 
tein) suggests that the presence of two DNA-binding 
domains in a fusion protein (i.e. from GAL4 and AR) 
interferes with hybrid formation. 

AR Stabilization 

One property that has distinguished androgen ago- 
nists from antagonists is their ability to stabilize AR 
against degradation (27). It was therefore of interest to 
determine the concentration dependence of AR stabi- 
lization by MPA, RU56187, and the anabolic steroids. 
Transfected COS cells were incubated with p 5 S] 
methionine/cysteine and increasing concentrations of 
ligands, followed by chase periods with unlabeled 
methionine for 2-7 h as previously described (27). The 
results shown for several ligands in Fig. 8 and sum- 
marized in Table 2 indicate that more than 1 00 nM MPA 
was required to increase the AR degradation half-time 
to almost 5 h at 37 C (Fig. 8C). A similar degree of AR 
stabilization was achieved by 1 nM DHT, mibolerone, 
or R1881, 5 nM testosterone (Table 2), or 10 nM flu- 
oxymesterone or oxandrolone (Fig. 8, B and D). Cypro- 
terone acetate and progesterone stabilized AR only at 
1 jam (Table 2), and almost no AR stabilization was 
observed with 1 RU56187 (Fig. 8A), hydroxyflut- 
amide, or E 2 (Table 2). The results tend to parallel the 
MMTV-lucif erase and DNA-binding activities in that 
ligands that efficiently stabilize AR are more effective 



agonists. It is noteworthy that the lower affinity anabolic 
steroids, oxandrolone and fluoxymesterone, promote 
the N/C interaction and stabilize AR at concentrations of 
5-10 nM, concentrations only slightly higher than those 
required for the high-affinity agonists, DHT, mibolerone, 
R1881, and testosterone. However, higher concentra- 
tions of the anabolic steroids were required for DNA 
binding of the AR fragments, perhaps reflecting the lower 
AR binding affinity for these ligands. 

Ligand Dissociation Rates 

Because only few ligands could be obtained in 3 H- 
labeled form, dissociation rates could not be deter- 
mined for MPA, oxandrolone, fluoxymesterone, cypro- 
terone acetate, or hydroxyflutamide. Nevertheless, we 
determined that [ 3 H]RU56187 dissociates rapidly from 
AR with a t 1/2 of 5 min at 37 C (Fig. 9) compared with 
t 1/2 of 2.5-3.5 h for [ 3 H]R1881 (Fig. 9), fHJDHT, and 
[ 3 H] mibolerone (Table 2). A rapid dissociation rate for 
[ 3 H]estradiol (t 1/2 0.67 h) (Table 2) was also observed. 
The results raise the possibility that rapid ligand dis- 
sociation is associated with the lack of an N/C inter- 
action and with in vivo antagonist activity. 



DISCUSSION 

Failure of MPA to induce the N/C interaction suggests 
that during AR dimertzation, DNA binding, and gene 
activation, MPA activates AR by a mechanism differ- 
ent from other agonists. With the other ligands tested, 
agonist activity correlated with induction of the N/C 
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A. RU56187 



B. Fluoxymesterone 




0.1 



0.01 




No Hormone 
t 1/2 1.1 h 



, 

0 2 
D. Oxandrolone 



0.01 



100 nM 
t 1/2 4h 




No Hormone 



0.1- 



0.01 



— . o 


10 nM 

o t 1/2 9 h 


X. ^^^^ 


o 




o 




1 nM ^^-^^ 




ti/ 2 3h ^ 


No Hormone 




t 1/2 1.1 h 





Time (hr) 



Time (hr) 



Fig. 8. Ligand- Dependent AR Stabilization 

Full-length AR was expressed in COS cells from pCMVhAR as described in Materials and Methods and incubated in the 
presence of p 5 S]methionine/cysteine for 30 min at 37 C followed by incubation with unlabeled methionine medium for increasing 
times in the presence of the indicated concentrations of ligand. Samples were extracted in RIPA buffer and AR was immuno- 
precipitated and analyzed on SDS polyacrylamide gels as previously described (22). Scanning the exposed films resulted in 
optical density readings of the AR bands, which migrated at approximately 114 kDa. Shown are the optical density measurements 
on a semilog scale. Approximate half-times of AR degradation at 37 C at the indicated ligand concentrations are shown on the 
figures for RU56187 (panel A), fluoxymesterone (panel B), MPA (panel C), and oxandrolone (panel D). 



interaction and antagonist activity with its inhibition. 
MPA is a weak androgen in vivo (see below) which 
perhaps relates to its inability to induce the N/C inter- 
action. Induction of the N/C interaction by high -affinity 
AR agonists appears to contribute to their biological 
potency at low physiological concentrations. Lack of 
induction of the N/C interaction may account for the 
high MPA concentrations required to stabilize AR, 
which would contribute to a reduced biological po- 
tency as an androgen agonist. 



The apparent discrepancy in ligand potency be- 
tween maximal induction in the N/C assay using the 
GAL4-AR carboxyl-terminal and the VP16-AR NH 2 - 
fragment fusion proteins (0.1-1 nM) vs. agonist po- 
tency of full-length AR in the luciferase assay (0.001- 
0.01 nM) probably reflects deletion of the NH 2 -terminal 
domain. We demonstrated previously that although 
the AR ligand-binding domain retains high-affinity 
binding after deletion of the NH 2 -terminal region, the 
ligand dissociation rate increases 5- to 7-fold, and 
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Fig. 9. Dissociation Rates of pH]R1881 and [ 3 H]RU56187 
from Human AR 

COS cells were transfected with pCMVhAR and incubated 
with 5 nM [ 3 H]R1881 or 5 nM pHlRUSGW for 2 h at 37 C 
followed by the addition of a 10,000- fold molar excess of 
unlabeled ligands as described in Materials and Methods, 
Cells were harvested at increasing time intervals, and radio- 
activity was determined. The data are shown on a semilog 
plot, and the half-time of dissociation is indicated: t 1/2 2.5 ± 
0.5 h for pHJRISSI and t 1/2 5 ± 1 min for pHJRUSeW. 

androgen no longer stabilizes this truncated receptor 
as it does full-length AR (22). Thus, higher ligand con- 
centrations are likely required for the N/C interaction 
between AR fragments than between monomers of 
full-length AR. 

Equilibrium dissociation constants (MPA, 1.7-2.9 
nM; DHT, 0.9-2.6 nM) and saturation binding capacities 
(MPA, 107-249 fmol/mg protein; DHT, 42-257 
fmol/mg protein) for MPA and DHT binding to AR were 
similar when measured in rat pituitary and hypotha- 
lamic extracts (28). However, direct measurement of in 
vivo bioactivity classifies MPA as a weak androgen. 
MPA increases the synthesis of ^-glucuronidase in 
mouse kidney but only at 100-fold higher doses rela- 
tive to testosterone (11, 12). In the androgen- insen- 
sitive Tfm mouse, ^-glucuronidase activity did not in- 
crease, indicating that gene activation in response to 
MPA is AR mediated (1 2). MPA doses up to 1 000 times 
higher than testosterone were required to increase 
ventral prostate weight in castrated rats (13). High- 
dose (0.9 mg/day) MPA was less effective than low- 
dose DHT (0.2 mg/day) in stimulating the synthesis of 
rat prostatic binding protein mRNA, and the effects of 
MPA were inhibited by flutamide (19), again indicating 
that its in vivo activity is AR mediated. MPA, rather 
than a metabolite, was shown to bind AR, and its low 



in vivo androgenic activity correlated with reduced 
nuclear uptake (29, 30). MPA was reported to disso- 
ciate rapidly from AR (13, 31), although these studies 
did not account for possible degradation of the 
MPA-AR complex. X-ray crystal analysis indicates that 
MPA has an inverted 1 0,2a half-chair conformation of 
the A-ring resulting from steric strain by the 6a-methyl 
group that restricts side chain flexibility (32). This pre- 
dicted rigid structure of MPA is in contrast to the flat, 
flexible structure of methyltrienolone (R1881), which 
can undergo large shape changes (33). It is conceiv- 
able that ligand flexibility facilitates the conformational 
changes required for the AR N/C interaction. 

Acetate derivatives of steroids often have slower 
metabolic breakdown rates, making them candidates 
for use in hormone therapy (34). MPA, available for 
clinical use as Provera or Depo-Provera, has been 
used in the treatment of sexual precocity; its progestin 
and weak androgen effects inhibit pituitary gonadotro- 
pin secretion and lower gonadal steroid production 
(35). Stimulation of the growth of pubic hair in female 
patients without a significant slowdown in skeletal 
maturation (35) suggested weak androgenic activity of 
large doses of MPA (200-300 mg every 7-10 days). 
21-Hydroxylated metabolites of MPA bind the glu- 
cocorticoid receptor and suppress pituitary secretion 
of ACTH. Because of its progestational effect, MPA 
was formerly used to prevent spontaneous abortion. 
However, prenatal exposure to MPA was reported to 
cause mild clitoral hypertrophy and posterior labial 
fusion in the female and hypospadias in the male 
(36-39), contraindicating its use during pregnancy. 
The virilizing effect of MPA in the female fetus can be 
explained by its androgenic activity. Antiandrogen ef- 
fects of MPA in the male fetus could result from com- 
petition for DHT binding to AR and subsequent insuf- 
ficient agonist activity. Anogenital distance, a measure 
of antiandrogen activity in rodents (1), was lengthened 
in females and shortened in males exposed to MPA 
during fetal development. More recently, MPA was 
approved for use in the United States as an injectable 
contraceptive based on its effectiveness in suppress- 
ing gonadotropin secretion, inhibiting follicular matu- 
ration and preventing ovulation. Doses of 150 mg im 
every 6 weeks to 3 months lack androgen effects in the 
adult female. 

MPA has also been used in breast cancer therapy 
(40, 41). In an MFM-223 mammary cancer cell line that 
has high levels of AR, but low levels of estrogen, 
progesterone, and glucocorticoid receptors, cell pro- 
liferation was inhibited by 1 nM DHT or 1 0 nM MPA (42), 
indicating the AR agonist effect of MPA inhibits breast 
cancer cell growth. Response rates of breast cancer 
patients to MPA therapy correlated with higher AR 
levels (43). The antiproliferative activity of DHT and 
MPA on breast cancer cells was attributed to in- 
creased 17/3-hydroxysteroid dehydrogenase activity, 
which promotes increased oxidation of estradiol to the 
weak estrogen, estrone (44). 
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Agonists vs. antagonist activity is influenced by me- 
tabolism, binding affinity, association and dissociation 
rates, and ligand-induced receptor conformation, sta- 
bilization, dimerization, DNA binding, and interactions 
with associating proteins. Clearly, equilibrium binding 
affinity is of limited usefulness in predicting in vivo 
bioactivity unless combined with measurements of li- 
gand dissociation rates. AR binding affinity of 
RU56187 is similar to that for DHT, yet RU56187 is an 
antagonist in vivo (14, 15). The anabolic steroids, ox- 
androlone and fluoxymesterone, have high inhibition 
constants for binding, yet induce the N/C interaction 
and stabilize AR at relatively low ligand concentrations 
and are AR agonists in vivo. Oxandrolone induces 
male- specific liver P450 enzymes (45). Oxandrolone 
and fluoxymesterone are structurally related 17a-alky- 
lated synthetic anabolic steroids used clinically to pro- 
mote weight gain, stimulate growth of the bone matrix, 
and improve libido and sexual performance (46). In low 
doses oxandrolone (47, 48) or fluoxymesterone (49) 
accelerate linear growth in children with constitutional 
growth delay and Turner's syndrome (50, 51). 

Evidence from crystal structure analysis of the reti- 
noic acid receptor-7 (52), thyroid hormone receptor 
(53), and estrogen receptor (54) indicates that hor- 
mone binding causes helix 12 [helix 11 in retinoid X 
receptor-a (55)] at the carboxyl terminus to undergo a 
conformational change closing down over the ligand- 
binding pocket. For the estrogen receptor, binding of 
the antagonist raloxifene prevents alignment of helix 
12 over the binding pocket (54). MPA binding to AR 
may distort the position of helix 12 causing an in- 
creased rate of ligand dissociation and interference 
with the N/C interaction. Proper closure of helix 12 
might be expected to slow ligand dissociation from the 
pocket and form a new interface for the N/C interac- 
tion. Alignment of helix 12 by MPA binding may differ 
from that induced by potent agonists or antagonists, a 
distortion that may account for the high MPA concen- 
trations required to stabilize AR. 

Part of the discrepancy between ligand binding af- 
finity and agonist and antagonist activities relates to 
differences in ligand binding kinetics. Association and 
dissociation rate kinetics can be fast or slow for high- 
affinity ligands. Slow dissociation of the most potent 
AR agonists, DHT, mibolerone, and R1881, is associ- 
ated with AR stabilization at low ligand concentration. 
Fast dissociating ligands such as RU561 87 fail to sta- 
bilize AR and have agonist activity in transcriptional 
activation assays but are antagonists in vivo. Muta- 
tions in the AR hormone-binding domain at valine 889 
and arginine 752 cause severe androgen insensitivity, 
increase the rate of dissociation of bound androgen 
without altering high-affinity equilibrium binding (22), 
disrupt the N/C interaction (6), and cause loss of AR 
stabilization by low ligand concentrations (22). These 
mutations likely increase the rate of ligand dissociation 
and AR degradation by preventing helix 12 from clos- 
ing the binding pocket and interfering with the N/C 
interaction. Rapid ligand dissociation could reduce in 



vivo agonist activity and enhance dose-dependent an- 
tagonist activity as suggested previously for some an- 
tiestrogens and antiandrogens (13). 

The most reliable in vitro indicators of in vivo AR 
antagonist activity therefore appear to be failure of a 
ligand to stabilize AR against degradation at steroid 
concentrations of 500 riM or more and an inability to 
induce AR DNA binding. DNA binding itself, however, 
appears to be a poor indicator of agonist potency. In 
vivo agonist activity is best reflected by a slow disso- 
ciation rate of bound ligand, AR stabilization at low 
ligand concentrations (< 10 nM), and induction of the 
N/C interaction. Concentrations at which a ligand ac- 
tivates AR in MMTV-luciferase assays can indicate 
agonist potency. MPA is an agonist in transient tran- 
scription assays but requires 100-fold higher concen- 
trations than DHT. A similar shift in in vitro sensitivity to 
DHT results from certain AR missense mutations that 
cause partial or complete androgen insensitivity (56), 
indicating the critical importance of AR activation by 
low ligand concentrations. However, even though ac- 
etate derivatives of steroids have increased metabolic 
half-lives, it cannot be ruled out that the in vivo phar- 
macology of MPA limits its bioavailability to the AR. 

A model for androgen-induced AR dimerization sug- 
gests an antiparallel orientation of monomers interact- 
ing through the DNA-binding domain and a ligand- 
dependent N/C interaction (4). Similar studies with the 
estrogen receptor (5) and AR fragments expressed in 
yeast (57) predict a parallel interaction model, and 
studies on solution dimerization of the human proges- 
terone receptor favor a parallel model (58). More re- 
cent studies on AR made use of androgen insensitivity 
mutations in the steroid-binding domain that do not 
interfere with high-affinity equilibrium binding of an- 
drogen but increased the dissociation rate of bound 
androgen and disrupted the N/C interaction. Place- 
ment of the mutations in different AR fragments al- 
lowed assessment of directionardimerization in asso- 
ciation with AR transcriptional activation, and the 
results were consistent with an antiparallel activated 
AR dimer model (6). Lack of an interaction between the 
ligand-binding domains bound to MPA or DHT argue 
against a parallel dimer model for AR with either li- 
gand. Taken together the results suggest that the N/C 
interaction is required for potent in vivo agonists to be 
effective at low concentrations, but is not required for 
AR DNA binding in vitro or weak in vivo agonist activity 
at higher ligand concentrations. Formation of the N/C 
interaction likely contributes to in vivo potency by sta- 
bilizing AR at low ligand concentrations. 



MATERIALS AND METHODS 

Ligand Binding and Dissociation 

Reagents were obtained as previously reported (22) with 
MPA and other steroids from Sigma Chemical Co. (St. Louis, 
MO) and RU56187 from Roussel Uclaf. Relative equilibrium 
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binding was determined in COS cell competitive binding as- 
says using [ 3 H]R1881. Monkey kidney COS cells (3.5 x 10 5 
cells per well of six-well plate) were transiently transfected 
using diethylaminoethyl (DEAE)-dextran and 1 pg pCMVhAR 
full-length AR expression vector per well. Cells were main- 
tained in 10% calf serum and DM EM for 36 h and labeled for 
2 h at 37 C with 5 nM [ 3 H]R1881 in the presence and absence 
of increasing concentrations of unlabeled ligands. Cells were 
washed with PBS and harvested in 2% SOS, 10% glycerol, 
and 10 mM Tris, pH 6.8, and radioactivity was determined by 
scintillation counting. Dissociation rate kinetics were deter- 
mined in COS cells transfected as described above using 3 
pg pCMVhAR/well. Transfected cells were incubated with 5 
nM [ 3 H] ligand for 2 h followed by the addition of a 1 0,000-fold 
molar excess of unlabeled ligand. After increasing times, cells 
were washed with PBS and harvested in 0.5 ml of the SDS 
buffer above. Radioactivity was determined by scintillation 
counting. Apparent inhibition constants (KJ for hydroxyflut- 
amide, oxandrolone, and fluoxymesterone were determined 
using rat prostate cytosols prepared from tissue obtained 
24 h after castration, extracted in binding buffer as previously 
described (1 , 59), and incubated for 20 h at 4 C with 0.5-20 
nM [ 3 H]R1881 with or without increasing concentrations of 
unlabeled ligands between 0.1 and 1 jam. Apparent K, values 
were determined using double reciprocal plots and slope- 
replot analysis. 

N/C Luciferase Assay 

Recombinant fusion proteins included GALD-H which con- 
tained the Saccharomyces cerevisiae GAL4 DN A- binding do- 
main amino acid residues 1-147 linked in frame with human 
AR steroid-binding domain amino acid residues 624-919. 
VPAR1-660 contained the herpes simplex virus VP16 trans- 
activation domain amino acid residues 411-456 linked in 
frame with AR NH 2 -terminal and DNA-binding domain amino 
acid residues 1-660 (4). CHO cells (0.4 x 10 6 cells per 6-cm 
dish) were transfected using DEAE-dextran and 1 pg 
GALD-H, 1 pg VPAR1-660, and 5 /xg G5E1b-luciferase per 
plate, the latter containing five GAL-4 DNA-binding sites (60). 
DNA was added to 0.42 ml H 2 0 plus 0.5 ml 2xTBS (0.14 m 
NaCI, 3 mM KCI, 1 mM CaCI 2 , 0.5 mM MgCI 2 , 0.9 mM 
NaH 2 P0 4 , and 25 mM Tris-HCI, pH 7.4), and then 0.1 1 ml 
DEAE-dextran (0.5%) was added, after which the mixture 
was added to the aspirated plates and incubated for 1 h at 37 
C. Plates were aspirated and 4 ml a-MEM containing 10% 
calf serum, penicillin/streptomycin, and 20 mM HEPES, pH 
7.2, were added and incubated at 37 C for 3 h followed by a 
4-min 15% glycerol shock in a-MEM. Cells were washed 
twice with 4 ml TBS, and 4 ml 0.2% calf serum-a- MEM 
media were added. The medium was changed 24 and 48 h 
later to serum-free medium and ligands were added. Cells 
were washed 4 h after the last addition with 4 ml PBS and 
harvested in 0.5 ml lysis buffer (Ligand Pharmaceuticals Inc., 
San Diego, CA). Luciferase light units were measured on a 
Monolight 2010 luminometer (Analytical Luminescence Lab- 
oratory, San Diego, CA). To test for inhibitory activity, cells 
were incubated with 1 nM DHT in the presence of increasing 
concentrations of ligands. Decreases due to toxicity of up to 
1 pM ligand were monitored using an AR fusion plasmid 
GAL-A1 (4) coding for a constitutively active fusion protein 
containing AR NH 2 -terminal residues 1-503 linked to the 
GAL-4 DNA-binding domain. Decreases in constitutive tran- 
scriptional activity after exposure were minimal. 

M MTV- Luciferase Assay 

Monkey kidney CV1 cells (0.4 x 10 6 cells per 6-cm dish) were 
transfected 24 h after plating using calcium phosphate with 
100 ng human AR expression vector pCMVhAR and 5 pg 
M MTV- luciferase reporter vector per plate. DNA is added to 
0.28 m NaCI, 1.5 mM Na 2 HP0 4 , 0.05 M HEPES, pH 7.11 (0.14 
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ml/plate; 0.28 m NaCI, 1.5 mM Na 2 HP0 4 , 50 mM HEPES, pH 
7.12); 0.25 m CaCI 2 (0.14 ml/plate) was added dropwise with 
vortexing and incubated 5 min, followed by the addition of 
DMEM-H media containing 10% calf serum, penicillin, strep- 
tomycin, and 20 mM HEPES, pH 7.2 (0.8 ml/plate) to minimize 
particle size, and then incubated for 15 min. The mixture was 
added to the aspirated plates followed by the addition of 3 ml 
DMEM-H containing 10% calf serum and incubated for 4 h at 
37 C. Cells are washed twice with TBS, and 4 ml phenol 
red-free medium containing 0.2% calf serum was added. 
Ligands were added and cells were harvested and assayed 
as described above for the N/C luciferase assay. 

DNA Mobility Shift Assay 

Spodoptera frugiperda (Sf9) cells plated at 3.5 x 1 0 6 cells per 
6-cm dish or 1 x 10 7 cells per 10-cm dish were infected for 
45 h at 27 C at multiplicity of infection of 1-5 with AR recom- 
binant baculovirus in Autographa californica nuclear polyhi- 
drosis virus (AcMNPV) coding for full-length human AR, AR1- 
660 coding for the NH 2 -terminal, DNA-binding, and hinge 
regions (amino acid residues 1-660), and AR507-919 coding 
for the DNA- and steroid-binding domains (amino acid resi- 
dues 507-919) (25). The indicated concentrations of ligands 
were added 24 h and again 4 h before cell harvest. Cells were 
washed once in PBS at 4 C, pelleted, and resuspended in 
0.1 5 mi/6-cm dish or 0.4 ml/1 0-cm dish in high-salt extraction 
buffer containing 0.5 m NaCI, 1 mM EDTA, 1 mM dithiothreitol, 
10% glycerol, 10 mM Tris, pH 7.4 with protease inhibitors, 40 
fxM leupeptin, 5 pM aprotinin, 10 pM pepstatin A, 2 mM Pe- 
fabloc, 5 mM benzamidine, and 10 mM e-amino-n-caproic 
acid. Cells were frozen and thawed three times, incubated on 
ice for 40 min, and microfuged for 1 5lmin. Supernatants were 
dialyzed against the above buffer except containing 25 mM 
KCI and 0.5 mM phenylmethylsulfonyl fluoride as the only 
protease inhibitor. The reaction mixture contained approxi- 
mately 20 pg total cell protein of either full-length AR, AR1- 
660 (N), or AR507-919 (C), or when combined, 10 pg total 
protein each for extracts of N and C. The reaction mix also 
contained 4 /xg of poly dl-dC, 80 pg BSA, and DNA-binding 
buffer (25 mM KCI, 10% glycerol, 0.2 mM EDTA, 1 mM dithio- 
threitol, 10 mM Tris-HCI, pH 7.5) to a final volume of 20 pi. 
32 P-labeled oligonucleotides (0.2-0.3 ng, 20,000-25,000 
cpm) were added and incubated for 1 h on ice. Annealing 
oligos 5 ' -CGACC AG AGTAC G TGA TGTTCT CAGG-3 ' with 
Acc\-5' compatible end and 5 ' -G ATCCCTG AG AAC A T- 
CA CGTACT CTGGT-3 ' with 3' Sam HI compatible end were 
32 P-labeled using the Klenow fragment of DNA polymerase. 
The androgen response element {underlined) derives from the 
0.5-kb first intron fragment of the rat C3 prostatein gene (61). 
Before electrophoresis, 2 pi 0.2% bromophenol blue were 
added, and the 5% nondenaturing acrylamide gel was pre- 
electrophoresed at 100 V for 30 min at 4 C. Samples are 
electrophoresed at 150 V for 4 h at 4 C. Gels are dried under 
vacuum at 80 C for 1 h and exposed to Biomax MR x-ray film 
(Eastman Kodak, Rochester, NY) at -80 C. 

AR Stabilization 

Full-length AR was expressed from pCMVhAR (8 pg) in COS 
cells (1.2 x 10 6 cells/1 0-cm dish) transfected using DEAE- 
dextran. After 48 h, cells were incubated in methionine- free 
medium for 20 min followed by the addition of methionine- 
free medium containing 100 pCi { 35 S]L-methionine/cysteine 
(PRO-MIX, Amersham, >1000 Ci/mmol) in vitro labeling mix. 
Cells were incubated for increasing times in the presence of 
the indicated concentrations of ligands, washed twice with 
PBS, and harvested in RIPA buffer and immunoprecipitated 
using AR52 antipeptide AR antibody as previously described 
(22). 
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The objective of the study was to investigate the effects of 
dihydrotestosterone (DHT) gel on general well-being, sexual 
function, and the prostate in aging men. A total of 120 men 
participated in this randomized, placebo-controlled study (60 
DHT and 60 placebo)* All subjects had nocturnal penile tu- 
mescence once per week or less, andropause symptoms, and a 
serum T level of 15 nmol/liter or less and/or a serum SHBG 
level greater than 30 nmol/liter. The mean age was 58 yr 
(range, 50-70 yr). Of these subjects, 114 men completed the 
study. DHT was administered transdermally for 6 months, and 
the dose varied from 125-250 mg/d. General well-being symp- 
toms and sexual function were evaluated using a question- 
naire, and prostate symptoms were evaluated using the 
International Prostate Symptoms Score, transrectal ultra- 
sonography, and assay of serum prostate-specific antigen. 

Early morning erections improved transiently in the DHT 
group at 3 months of treatment (P < 0.003), and the ability to 



maintain erection improved in the DHT group compared with 
the placebo group (P < 0.04). No significant changes were 
observed in general well-being between the placebo and the 
DHT group. Serum concentrations of LH, FSH, E2, T, and 
SHBG decreased significantly during DHT treatment. Treat- 
ment with DHT did not affect liver function or the lipid profile. 
Hemoglobin concentrations increased from 146.0 ± 8.2 to 
154.8 ±11.4 g/liter, and hematocrit from 43.5 ± 2.5% to 45.8 ± 
3.4% (P < 0.001). Prostate weight and prostate-specific antigen 
levels did not change during the treatment. No major adverse 
events were observed. 

Transdermal administration of DHT improves sexual func- 
tion and may be a useful alternative for androgen replace- 
ment. As estrogens are thought to play a role in the patho- 
genesis of prostate hyperplasia, DHT may be beneficial, 
compared with aromatizing androgens, in the treatment of 
aging men. (J Clin Endocrinol Metab 87: 1467-1472, 2002) 



ANDROGEN PRODUCTION declines with age in men, 
resulting in decreased serum concentrations of both 
total and bioavailable T (1-3). In healthy men, bioavailable 
free T declines by approximately 1%/yr between 40 and 70 
yr (3) and by even more in unhealthy groups. Furthermore, 
the circadian rhythmicity of blood total T concentrations 
decreases with age (4). In contrast to menopausal symptoms 
in women, these age-related changes in testicular function 
are gradual, and the clinical picture may be difficult to rec- 
ognize. However, a number of changes typically experienced 
by aging males have been attributed to a decline in circu- 
lating T levels. The symptoms are diminished energy, viril- 
ity, and fertility and decrease in bone and muscle mass as- 
sociated with an increase in adiposity (1-3, 5). 

Improvement of clinical symptoms of andropause via an- 
drogen substitution therapy has long been recognized (6, 7). A 
number of androgen preparations have been tested to see 
whether androgen replacement could improve physical and 
mental well-being in aging men. T, the most frequently used 
androgen, has been administered orally, by injection, and re- 
cently via transdermal patches in hypogonadal men and in men 
suffering from andropause symptoms (8). Dehydroepiandros- 
terone has also been used for androgen replacement therapy, 



Abbreviations: DHT, Dihydrotestosterone; FAI, free androgen index; 
Hb, hemoglobin; Her, hematocrit; I-PPS, International Prostate Symp- 
toms Score; PSA, prostate-specific antigen. 



and it has been shown to improve well-being in both aging 
women and men (9). More recently, percutaneous dihydro- 
testosterone (DHT) gel has become available as a method of 
androgen replacement (10). DHT, which cannot be aromatized 
to E2, may have advantages compared with aromatizing an- 
drogens (10). As E2 is thought to play a role in the pathogenesis 
of benign prostate hyperplasia, the treatment of andropause 
symptoms with nonaromatizing DHT may offer an advantage 
compared with aromatizing androgens. Furthermore, based 
on bioassay studies, DHT may have greater pharmacological 
potency than other available androgens (11). 

To assess the efficacy and safety of DHT in the treatment 
of andropause symptoms we administered DHT gel or pla- 
cebo transdermally to 120 men for 6 months, in a double 
blind, placebo-controlled monocenter study. In addition to 
andropause symptoms, special attention was paid to prostate 
tolerance, hematological parameters, and the lipid profile. 

Subjects and Methods 

Subjects 

A total of 1 20 males, aged 50-70 yr (mean age, 58 yr), participated in 
this monocenter, double blind, randomized, placebo-controlled, parallel 
group study (Fig. 1, flow chart). Based on a telephone conversation or 
a clinic visit, 178 subjects were known to fulfill the symptom criteria, and 
they were asked to come for screening. Of them, 55 failed to enter the 
study because of abnormal lipid or liver parameters, high serum pros- 
tate-specific antigen (PSA; >10 fAg/liter), or other reasons. The subjects 
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were randomized to the DHT (n = 60) or the placebo (n = 60) group. 
The randomization codes identifying the treatment were kept in sealed 
envelopes and were broken only after all clinical and biochemical anal- 



Screened subjects (n=178) 



Not randomized (n=55) 
Abnormal lipids (n=45) 
Abnormal liver enzymes (n=2) 
High serum PSA (n=2) 
Other (n=6) 



Randomization (n=120) 
3 wrongly randomized subjects 
were replaced by 3 additionally 
randomized subjects 



DHT-ge 


(n-60) 






Followed up (n=60) 
Visit 1 month (n=60) 
Visit 3 months (n=59) 
Visit 6 months (n=54) 







Placebo (n=60) 



Followed up (n=60) 
Visit 1 month (n=60) 
Visit 3 months (n=60) 
Visit 6 months (n=60) 



Withdrawn (n=6) 
Withdrawal of consent (n=2) 
Intervention ineffective 01=2) 
Contact lost (n=l) 
Other (n=l) 







Completed trial (n=54) 



Withdrawn (n=0) 







Completed trial (n=60) 



FlG. 1. Flow chart describing the progress of subjects throughout the 
study. 



yses were completed. None of the envelopes had to be opened before 
completing the study. Subjects included should have had rarefaction of 
nocturnal penile tumescence (once or less per wk; frequency of early 
morning erections together with libido are known to have correlation 
with serum androgen levels) and at least one of the following andro- 
pause symptoms: decreased libido, erectile dysfunction, urinary disor- 
ders, asthenia, or depressive mood. In addition, the subjects had to have 
a total serum T concentration of 15 nmol / liter or less (normal range, 9-32 
nmol/ liter) and /or an SHBG level greater than 30 nmol /liter (normal 
range, 14-62 nmol /liter). Although serum T levels of 15 nmol /liter or 
less and SHBG levels greater than 30 nmol/ liter do not define all subjects 
as being hypogonadal or having low free T, these limits were used together 
with clinical symptoms to find men who would benefit from the treatment. 
The number of subjects in each category is given in Table 1 . Five subjects 
in the DHT group and nine in the placebo group (P = 0.175) had been 
treated earlier for impotence problems. The exclusion criteria with regard 
to prostate were prostate weight greater thanlOOg, serum PSA level greater 
than 10 /xg/liter, acute prostatitis, abnormal prostate in clinical or ultra- 
sonographic examination, or prostatectomy /transurethral resection of the 
prostate. The other main exclusion criteria were significant cardiovascular 
disease, abnormal lipid profile (total cholesterol >7.5 mmol /liter and /or 
triglycerides >1.7 mmol /liter), alcohol abuse, and uncured cancer. Fur- 
thermore, subjects with neurological impotence, major depression, or other 
psychiatric diseases, and those taking hormones or drugs affecting sexual 
function, lipid /hormone metabolism (0-blockers, methyldopa, clonidine, 
guanethine thiazide diuretics, spironolactone, digitalis, barbiturates, clofi- 
brate, cimetidine, metochlopramide, or anudepressive and neuroleptic 
drugs), or hematological parameters were excluded. Three subjects (1 tak- 
ing DHT: unstable hypertension; 2 taking placebo: coronary heart disease 
with metoprolol medication and skin cancer) were wrongly included in the 
study; therefore, 3 additional men were randomized. Six men in the DHT 
group dropped out before the end of the trial (Fig. 1). The reasons for 
drop-out were withdrawal of consent (n = 2), lack of efficacy (n = 2), contact 
lost (n = 1), and acute pyoelonephritis due to prostatitis (n = I). For 
comparison, the serum concentrations of DHT in 35 healthy men, aged 
50-67 yr, and the free androgen index (FAI) in 146 healthy men, aged 20-65 
yr, were analyzed. 

The study was approved by the ethics committee of the University of 
Oulu, and all subjects signed an informed consent form. The subjects 
could discontinue the study any time, and a serious adverse event was 
considered an absolute stopping rule. 

Protocol 

DHT and placebo gel were prepared and packed in identical tubes by 
Laboratories Besins Iscovesco (Paris, France). Both the study drug and 
placebo were opalescent gels with alcoholic odor, and they were applied 
on upper arms/ shoulders and on abdomen if necessary. The DHT gel 
contained a 2.5% solution of DHT. After application the gel dried rapidly 
in a few minutes. The subjects were asked to wash their hands after 



TABLE 1. Characteristics of the subjects 





All 


DHT 


Placebo 


P value, DHT 
vs. PLACEBO 


n 


120 


60 


60 




Age (yr) 


58.4 ± 5.3" 


58.3 ± 4.8 


58.6 ± 5.7 


NS 


T <15 nmol/liter 


51 


25 


26 


NS 


T <9 nmol/liter 


5 


3 


2 


NS 


SHBG >30 nmol/liter 


111 


57 


54 


NS 


SHBG >62 nmol/liter 


22 


11 


11 


NS 


T <15 nmol/liter and SHBG 


43 


22 


21 


NS 


>30 nmol/liter 










FAI 


35.5 ± 10.8 


35.3 ± 10.9 


35.6 ± 10.7 


NS 


FAI (mean value in healthy 


76.9 ± 40.7* 








men aged 20-49 yr) 










FAI (mean value in healthy 


46.9 ± 16.4 h 








men aged 50-65 yr) 










DHT (nmol/liter; mean value in 


1.3 ± 0.7 








healthy men aged 50-67 yr) 











° Mean ± SD. ' 

6 P < 0.001 compared with the study subjects. 
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application and to pay attention to any skin irritation observed. All 
subjects administered 5 g DHT (125 mg DHT) or placebo gel daily for 
the first 30 d, whereafter the dose was adjusted by a outside person (i.e. 
blind to the principal investigators) on the basis of serum DHT mea- 
surement performed 20 d after study entry. If serum DHT was less than 
5.8 nmol/ liter, the men used a daily dose of 250 mg, if serum DHT was 
between 5.8-11.6 nmol /liter, the daily dose was 187.5 mg, and if serum 
DHT was over 1 1.6 nmol /I iter, the daily dose was 125 mg. The purpose 
was to reach the upper limit of 5.8-11.6 nmol/liter, which has been 
found to be the range at which a daily dose of 5 g gel is used (12). The 
dose of placebo was adjusted randomly by an outside person; 30 subjects 
continued with 5 g, and 30 used either 7.5 or 10 g. All rubes were returned 
and weighed to ensure compliance, and no significant failures were 
observed. The effect of DHT on general well-being was evaluated by 
questionnaire (13 questions), which was modified from the Psycholog- 
ical General Weil-Being scale (13), and 12 questions regarding sexual 
function were modified from the International Index of Erectile Function 
(14). For example, the scoring system for the early morning erections 
was: 1 = never, 2 = every other month, 3 = every month, 4 = every other 
wk, 5 = every week, 6 - two times a week or more. After the screening 
visit and entry, follow-up visits were made at 1, 3, and 6 months of 
treatment, and the subjects filled out the questionnaire before entry and 
at 3 and 6 months. 

The prostate was palpated, and serum PSA was assayed at each visit. 
Transrectal ultrasonography of the prostate (Brliel & Kjaer Medical 3535, 
transducer 8551, 7 MHz, Naerum, Denmark) was carried out in three 
dimensions at the beginning of the study and at the last visit. Urinary 
symptoms were evaluated using the International Prostate Symptoms 
Score. Blood samples for T, E2, FSH, and SHBG measurements were 
drawn at 0 and 6 months and at each visit for other hormonal, hema- 
tological and biochemical analyses. All blood samples were taken after 
an overnight fast. 

Laboratory techniques 

Serum DHT concentrations were measured by RIA after organic 
extraction and hydrophobic chromatography. The lower limit of quan- 
tification of serum DHT was 0.1 nmol/liter. The normal range for DHT 
was 1-10 nmol/liter, and the intra- and interassay coefficients of vari- 
ation were 9.1% and 6.6%, respectively- In previous studies the basal 
serum levels of DHT have been found to be 1.5-2.0 nmol/liter in men 
between 50-70 yr of age (5, 15, 16) and 2.5-3.5 nmol/liter in men between 
19-29 yr of age (16). Serum T concentrations were measured using a 
ACS: 180 chemiluminescence system with an ACS: 180 analyzer (Chiron 
Corp., Emeryville, CA). Serum E2 concentrations were measured by RIA 
(Orion Diagnostica, Turku, Finland). Serum SHBG, LH, FSH and PSA 
concentrations were quantified by two-site fluoroimmunometric meth- 
ods with kits obtained from Wallac, Inc. (Turku, Finland), using a 1235 
AutoDELFIA automatic immunoassay system. The intra- and interassay 
coefficients of variation were 4.0% and 5.6% for T, 5.7% and 6.4% for E2, 
1 .3% and 5.1% for SHBG, 4.9% and 6.5% for LH, 3.8% and 4.3% for FSH, 
and 1.2% and 3.8% for PSA, respectively. The FA I was calculated ac- 
cording to the equation: (T X 100) /SHBG. Hematological analyses and 
biochemical measurements were performed using approved routine 
clinical chemistry methods (Oulu University Hospital). 

Statistics 

The homogeneity of the two groups before inclusion and before 
treatment was analyzed using a f test in normally distributed variables 
(placebo, n = 60; DHT, n = 60). Wilcoxon's nonparametric test was used 
for variables with persisting skewed distribution, and x 2 or Fisher exact 
test was used for qualitative variables. For comparison of main efficacy 
and biochemical parameters the repeated measures ANOVA was used 
(placebo, n - 60; DHT, n - 54). 

Results 

After 1 month of DHT treatment, 23% of the subjects used 
a daily dose of 125 mg, 45% used 187.5 mg, and 32% used 250 
mg. The serum concentrations of DHT and other hormones 
are shown in Table 2. For comparison, the FAI and serum 
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DHT concentrations of healthy men are shown in Table 1. 
The score of early morning erection improved significantly 
in the DHT group during the first 3 months of treatment 
(from 3.0 to 3.9; P < 0.003). The ability to maintain erections 
in subjects taking DHT improved significantly compared 
with that in subjects using placebo (Table 3). There were 
no statistically significant differences in general well-being, 
libido, mood, or vitality between the groups. However, the 
placebo effect was statistically significant in several ques- 
tions: mood, briskness, self confidence, depression, activity, 
cheerfulness, and relaxation improved in both groups; libido, 
general interest in everyday life, and energy in the placebo 
group; and satisfaction with sexual life in the DHT group. 
Serum PSA concentrations did not change during the treat- 
ment. Similarly, prostate size and International Prostate 
Symptoms Score (I-PPS) remained unchanged (Table 4). 

DHT treatment decreased serum concentrations of E2, T, 
and SHBG (P < 0.001-0.003; Table 2). Similarly, serum con- 
centrations of LH and FSH decreased in the DHT group 
compared with the placebo group. DHT treatment did not 
affect serum lipid parameters (Table 4). No changes were 
observed in liver enzymes. Hemoglobin (Hb) and hematocrit 
(Her) values increased significantly in the DHT group com- 
pared with the placebo group (Table 4). In the DHT group, 
six men had Hb between 170 and 180 g/liter at least once 
during the treatment (normal range, 135-170), and one sub- 
ject had Hb of 184 g/liter and Her of 55% (normal range, 

TABLE 3. Ability to maintain erection during intercourse 



Treatment 


0 month 


3 months 


6 months 


P value, mean 
change DHT 
vs. placebo 


Placebo 
DHT 


2.53 ± 1.44 
2.26 ± 1.41 


2.65 ± 1.56 
2.70 ± 1.50 


2.81 ± 1.56 
3.24 ± 1.35 


0.04 



Difficulties in maintaining erection during intercourse were scored 
from 1-6: 1, always; 2, in 75% of intercourses; 3, in 50%; 4, in less than 
25%; 5 } in less than 10%; and 6, never. 



40-54%) at 3 months, but the values decreased to 176 g/liter 
and 53% at 6 months. There were no major clinical adverse 
events during DHT treatment. Three subjects experienced 
mild headache during DHT treatment compared with two 
subjects in the placebo group. None of the subjects described 
skin irritation during the treatment, but one subject in the 
DHT group had hair growth on the left shoulder and upper 
arm. Two subjects in both groups suffered from mild de- 
pression during the study. Other reported adverse events 
were not considered to be related to the treatment. 

Discussion 

This first placebo-controlled study carried out with DHT 
demonstrated a number of changes in both clinical and bio- 
chemical parameters in response to percutaneous DHT ad- 
ministration in men with relatively low bioavailable serum 
T levels and andropause symptoms. Treatment with DHT 
improved the ability to maintain erections and transiently 
improved early morning erections. However, these changes 
were small, though significant; therefore, their clinical im- 
portance remains uncertain. Six subjects in the DHT group 
and none in the placebo group dropped out before the end 
of the trial. We do not have a good explanation why only 
subjects in the DHT group stopped the study, but the dif- 
ference in the dropout frequency between the groups was not 
statistically significant, and none of the reasons for dropping 
out were related to side-effects of the drug. 

Androgens have been shown to have favorable conse- 
quences in the central nervous system by having a stimu- 
lating and maintaining effect on sexual function in men (17, 
18). A number of androgen preparations have been used to 
treat hypogonadism (19). Treatment with percutaneous DHT 
gel increased serum total DHT levels 5-fold and led to con- 
centrations that were clearly above the normal young adult 
male range (16). Although serum T concentrations decreased 
simultaneously with DHT administration by 50-70%, it is 
apparent that the total androgen effect increased signifi- 



TABLE 4. Effects of DHT treatment on weight, prostatic weight, I-PPS score, and hematological, biochemical, and lipid parameters 



DHT 



Placebo 



Parameter 



1 month 



3 months 



0 month 



1 month 



3 months 



6 months 



P value, 
mean change 
DHT vs. PLA 



Wt (kg) 


79.5 


■+- 


9.0 






79.9 




8.8 


79.5 




9.0 


80.8 




9.2 








81.1 




9.7 


81.1 




9.3 


NS 


BMI 


25.7 


it 


2.1 






25.8 


± 


1.9 


25.7 




1.9 


26.1 


-+- 


2.5 








26.2 




2.6 


26.1 


-»- 


2.7 


NS 


Prostatic wt 


25.3 




10.0 












25.9 




8.0 


23.2 


-+- 


7.8 
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NS 


(g) 
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7.0 
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Hematocrit 

(%) 
Red blood 


43.5 




2.5 


43.9 


± 2.8 


46.0 


± 


3.1 


45.8 




3.4 


43.4 
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43.1 


± 


2.5 


42.9 




2.9 


43.1 


■+ 


3.0 


<0.001 


4.7 




0.3 
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cantly, especially because serum SHBG levels decreased si- 
multaneously. This is supported by the observation that per- 
cutaneous T and DHT have an equal androgen effect in 
patients with hypogonadism (20), and DHT may have even 
greater pharmacological potency than other androgens (11). 
Androgen replacement in older men has been reported to 
increase the sense of well-being (21). In our study we did not 
find significant effects of DHT gel on well-being or vitality. 
The reason for this is not clear, but it is possible that many 
subjects had erectile dysfunction before the study and had 
great expectations for treatment. As impotence is often mul- 
tifactorial, and androgen supplementation of older men has 
generally not met with great success (21, 22), at least some 
subjects may have been disappointed with the treatment and 
did not pay attention to general well-being. Furthermore, as 
in previous studies (21), the placebo effect in this study was 
significant with regard to several aspects of general well- 
being. In addition, based on the inclusion criteria (T <15 
nmol/liter and/or SHBG >30 nmol/liter) the subjects may 
have had only mild or moderate androgen deficiency. Al- 
though the FAI of the study subjects was significantly lower 
than that of healthy men of the same age and was half that 
seen in younger men, their serum DHT levels at baseline 
were comparable. This was expected, because serum DHT 
levels do not change markedly with advancing age (5), and 
therefore the measurement of DHT levels may not be useful 
when considering androgen decline or deficiency in aging 
men. Furthermore, if some of the effects of androgens, for 
instance on the central nervous system, are due to metabo- 
lism to estrogens, DHT as a nonaromatizable androgen may 
have a weaker effect. Alternatively, the instruments used to 
assess subjective symptoms may not be sensitive enough to 
detect small changes, which is always a problem in studies 
like this. 

Growth and function of the prostate are controlled by sex 
steroids. This is supported by the observations that neither 
prostate hyperplasia nor cancer occur in castrated men or 
young men (23, 24). Furthermore, androgen deprivation by 
way of a variety of agents has been shown to reduce prostate 
size in benign prostatic hyperplasia and to lead to regression 
of prostate cancer (25, 26). However, regression of prostate 
size has been described only when almost complete sup- 
pression of circulating (27) or tissue (28, 29) DHT is achieved. 
It has also been recognized, although not proved, that the use 
of T in elderly men may carry a potential risk by enhancing 
the progression of preclinical to clinical cancer. It is known 
that androgens stimulate the growth of clinically diagnosed 
prostate cancer. In some studies the use of physiological T 
enanthate supplementation is reflected in stimulation of PSA 
(19, 26), although in several other studies this has not been 
observed (30). Holmang and associates (31 ) found that mean 
prostate volume increased by 12% during 8 months of treat- 
ment with T undecanoate. On the other hand, in many other 
studies no change in prostate volume during androgen treat- 
ment has been found (30). In our study serum PSA concen- 
trations did not increase during DHT treatment, and prostate 
size remained unchanged. Nevertheless, it is recommended 
that men using androgen replacement therapy should be 
carefully screened and followed up periodically. 

The mechanisms by which androgens affect the prostate 



J Clin Endocrinol Metab, April 2002, 87(4):1467-1472 1471 

are not well established, but estrogens are thought to play a 
role. Experimental studies have shown the inability of non- 
aromatizable androgens to induce the early stage of prostate 
hypertrophy (32, 33). On the other hand, aromatizable an- 
drogens can induce prostate hyperplasia in monkeys, and 
this effect can be reversed with an aromatase inhibitor (34). 
Suzuki and associates (35) have shown that treatment with 
T combined with E2 stimulates more prostate growth in rats 
than T treatment alone. The results of a 1.8-yr survey of 37 
men, aged 55-70 yr, treated with daily percutaneous DHT 
suggested that high serum levels of DHT effectively im- 
proved andropause symptoms while slightly, but signifi- 
cantly, reducing prostate size (10). In a previous study (20) 
as well as in the present study the administration of DHT 
decreased serum E2 levels by 50%. Although the above- 
mentioned findings and theories serve as a good basis with 
regard to the importance of estrogens in prostate function, 
further studies are needed to clarify the clinical significance 
of the decline of E2 concentrations during DHT treatment. 

As expected and observed previously (15), serum FSH and 
LH concentrations decreased during DHT treatment as a 
result of the negative feedback effect. The long-term effect of 
DHT on testicular function, e.g. on spermatogenesis, is not 
yet known, but no evidence of irreversible effects exists (20). 

It is well known that androgens have an anabolic effect. 
Androgens increase red cell mass and Hb concentrations 
mainly through a direct effect on erythropoietin synthesis in 
the kidneys, and inhibition of androgen secretion decreases 
Hb concentrations (36). We found that Hb increased signif- 
icantly as early as after 1 month of DHT treatment. Similar 
effects on Her have been found earlier in long-term use of T 
in older hypogonadal men (19) and in normal aging males 
(31). This anabolic effect must be considered during the fol- 
low-up of subjects using DHT or other androgens; Hb and 
Her should be assessed after 3-6 months of treatment, and 
the dose should be decreased if necessary. Weight and body 
mass index did not change during the study. The possible 
effects of DHT on bone density as well as on body compo- 
sition were not assessed, which may reduce the informativity 
of the study. These matters were considered carefully before 
the study, and because no significant changes, especially in 
bone density, were expected in 6 months of treatment they 
were not included. 

Whether androgen therapy affects cardiovascular risk fac- 
tors is not clear, although epidemiological studies have dem- 
onstrated higher risks in men with lower T levels (37, 38). 
Moreover, the effects of androgens on lipid metabolism are 
contradictory. Substitution of T in hypogonadal or T-defi- 
cient men has been associated with increases, decreases, or 
no change in serum high density lipoprotein levels (30, 39- 
43). In our study there were no changes in serum concen- 
trations of total and high density lipoprotein cholesterol; 
overall the changes in serum lipids between DHT and pla- 
cebo groups were modest, and the impact (e.g. risk or benefit 
of cardiovascular function) remains to be studied in long- 
term trials. 

This study suggests that transdermal DHT gel may be a 
useful alternative for hormone replacement therapy in older 
men. Whether more significant improvement in sexual func- 
tions had been observed using higher doses of DHT remains 
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to be studied. DHT treatment resulted in hormonal changes 
that raise interesting questions about the significance of es- 
trogens in prostate function. If estrogens play a role in pros- 
tate growth, as has been suggested, the use of nonaroma- 
tizable androgens may be beneficial compared with that of 
aromatizable androgens. Although no significant side-effects 
were noted, controlled follow-up trials of androgen replace- 
ment therapy in general are needed to clarify the possible 
long-term benefits and risks. 
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ABSTRACT 



A method of treatment or prevention of breast and endome- 
trial cancer, osteoporosis and endometriosis in susceptible 
warm-blooded animals comprising administering a low dose 
of a progestin or other steroid derivative having androgenic 
activity and low masculinizing activity. Pharmaceutical 
compositions useful for such treatment and pharmaceutical 
kits containing such compositions are disclosed. An in vitro 
assay permitting specific measurements of androgenic activ- 
ity of potentially useful compounds is also disclosed. 

26 Claims, 2 Drawing Sheets 
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METHODS FOR PREVENTING AND 
TREATING OSTEOPOROSIS WITH LOW 
DOSE NON-MASCULINIZING ANDROGENIC 
COMPOUNDS 

This application is a division of U.S. patent application 
Ser. No. 08/282,964, filed Jul. 29, 1994, and now U.S. Pat. 
No. 5,545,634 which is in turn a division of U.S. patent 
application Ser. No. 08/015,083 filed Feb. 8, 1993, now U.S. 
Pat. No. 5,362,720 which is in turn a continuation of U.S. 
patent application Ser. No. 07/724,532 filed Jun. 28, 1991, 
now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to a method for treating or prevent- 
ing breast and endometrial cancer, bone loss, and for treating 
endometriosis in susceptible warm-blooded animals includ- 
ing humans involving administration of a compound pos- 
sessing androgenic activity, and to kits containing active 
ingredients to be used in the therapy. 

Various investigators have been studying hormonal 
therapy for breast and endometrial cancer as well as for the 
prevention and treatment of bone loss and for treatment of 
endometriosis. The main approaches for the treatment of 
already developed breast cancer are related to the inhibition 
of estrogen action and/or formation. The role of estrogens in 
promoting the growth of estrogen -sensitive breast cancer is 
well recognized (Lippman, Semin. Oncol. 10 (suppl. 4): 
11-19, 1983; Sledge and McGuire, Cancer Res. 38: 61-75, 
1984; Wittliff, Cancer 53: 630-643, 1984; Poulin and 
Labrie, Cancer Res. 46: 4933^937,1986). 

Estrogens are also known to promote the proliferation of 
normal endometrium. Chronic exposure to estrogens unop- 
posed by progesterone can lead to the development of 
endometrial hyperplasia which predisposes to endometrial 
carcinoma (Lucas, Obstet. Gynecol. Surv. 29: 507-528, 
1974). The incidence of endometrial cancer increases after 
menopause, especially in women receiving estrogen therapy 
without simultaneous treatment with progestins (Smith et 
al., N. Engl. J. Med. 293: 1164-1167, 1975; Mack et al., N. 
Engl J. Med. 294:1262-1267,1976). 

Various investigators have been studying hormone- 
dependent breast and endometrial cancer. A known form of 
endocrine therapy in premenopausal women is castration 
most commonly performed by surgery or irradiation, two 
procedures giving irreversible castration. Recently, a revers- 
ible form of castration has been achieved by utilizing 
Luteinizing Hormone-Releasing Hormone Agonists (LHRH 
agonists) which, following inhibition of secretion of bioac- 
tive Luteinizing Hormone (LH) by the pituitary gland, 
decrease serum estrogens to castrated levels (Nicholson et 
al., Brit. J. Cancer 39: 268-273,1979). 

Several studies show that treatment of premenopausal 
breast cancer patients with LHRH agonists induces 
responses comparable to those achieved with other forms of 
castration (Klijn et al., J. Steroid Biochem. 20: 1381, 1984; 
Manni et al, Endocr. Rev. 7: 89=94, 1986). Beneficial effects 
of treatment with LHRH agonists have also been observed 
in postmenopausal women (Nicholson et al., J. Steroid 
Biochem. 23: 843-848, 1985). 

U.S. Pat. No. 4,071,622 relates to the use of certain LHRH 
agonists against DMBA-induced mammary carcinoma in 
rats. 

U.S. Pat. No. 4,775,660 relates to the treatment of female 
breast cancer by use of a combination therapy comprising 
administering an antiandrogen and an antiestrogen to a 
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female after the hormone output of her ovaries has been 
blocked by chemical or surgical means. 

U.S. Pat No. 4,775,661 relates to the treatment of female 
breast cancer by use of a therapy comprising administering 
to a female, after the hormone output of her ovaries has been 
blocked by chemical or surgical means, an antiandrogen and 
optionally certain inhibitors of sex steroid biosynthesis. 

U.S. Pat. No. 4,760,053 describes a treatment of selected 
sex steroid dependent cancers which includes various speci- 
fied combinations of compounds selected from LHRH 
agonists, antiandrogens, antiestrogens and certain inhibitors 
of sex steroid biosynthesis. 

In U.S. Pat. No. 4,472,382 relates to treatment of prostatic 
adenocarcinoma, benign prostatic hypertrophy and 
hormone -dependent mammary tumors with specified phar- 
maceuticals or combinations. Various LHRH agonists and 
antiandrogens are discussed. 

International Patent Application PCT/W086/01105, dis- 
closes a method of treating sex steroid dependent cancers in 
warm-blooded animals which comprises administering spe- 
cific pharmaceuticals and combinations. Antiandrogens, 
antiestrogens, certain inhibitors of sex steroid biosynthesis 
and blocking of hormonal output are discussed. 

The inventor's co-pending U.S. patent application Ser. 
No. 07/321926 filed Mar. 10, 1989, relates to a method of 
treatment of breast and endometrial cancer in susceptible 
warm-blooded animals which may include inhibition of 
ovarian hormonal secretion by surgical means (ovariectomy) 
or chemical means (use of an LHRH agonist, e.g. [D-Trp 6 , 
des-Gly-NH 2 J0 ]LHRH ethylamide, or antagonists) as part of 
a combination therapy. Antiestrogens, androgens, 
progestins, inhibitors of sex steroid formation (especially of 
17p-hydroxysteroid dehydrogenase- or aromatase-catalyzed 
production of sex steroids), inhibitors of prolactin secretion 
and of growth hormone secretion and ACTH secretion are 
discussed. 

Androgen receptors have been shown to be present in 
normal (Witliff, In: Bush, H. (Ed.), Methods in Cancer Res., 
Vol. 11, Acad. Press, New York, 1975, pp. 298-304; Allegra 
et al., Cancer Res. 39: 1447-1454, 1979) and neoplastic 
(Allegra et al., Cancer Res. 39: 1147-1454, 1979; Engels- 
man et al., Brit. J. Cancer 30: 177-181, 1975; Moss et al., 
J. Ster. Biochem. 6: 743-749, 1975; Miller et al., Eur. J. 
Cancer Clin. Oncol. 2: 539-542, 1985; Lippman et al., 
Cancer 38: 868^874, 1976; Allegra et al., Cancer Res. 39: 
1447-1454, i979 ; Miller et al., Eur. J. Clin. Oncol. 21: 
539-542, 1985; Lea et al., Cancer Res. 49: 7162-7167, 
1989) as well as in several established breast cancer cell 
lines (Lippman et al., Cancer Res. 36: 4610-4618, 1976; 
Horwitz et al., Cancer Res. 38: 2434-2439, 1978; Poulin et 
al., Breast Cancer Res. Treatm. 12: 213-225, 1988). Andro- 
gen receptors are also present in dimethylbenz(a)anthracene 
(DMB A)- induced mammary tumors in the rat (Asselin et al., 
Cancer Res. 40: 1612-1622, 1980). 

Androgen receptors have also been described in human 
endometrium (MacLaughlin and Richardson, J. Steroid Bio- 
chem. 10: 371-377, 1979; Muechler and Kohler, Gynecol. 
Invest 8: 104, 1988). The growth inhibitory effects of the 
androgen methyltrienolone (R1881), on endometrial carci- 
noma in vitro have been described (Centola, Cancer Res. 45: 
6264-6267, 1985). 

Recent reports have indicated that androgen receptors 
may add to the selective power of estrogen receptors or even 
supplant estrogen receptors as best predicting response to 
endocrine therapy (Teulings et al., Cancer Res. 40: 
2557-2561, 1980; Bryan et al.- Cancer 54: 2436-2440, 
1984). 
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The first androgen successfully used in the treatment of 
advanced breast cancer is testosterone propionate 
(Nathanson, Rec. Prog. Horm. Res. 1: 261-291, 1947). 
Many studies subsequently confirmed the beneficial effect of 
androgens on breast cancer (Alan and Herrman, Ann. Surg. 
123: 1023-1035; Adair, Surg. Gynecol. Obstet. 84: 
719-722, 1947; Adair et al., JAMA 140: 1193-2000, 1949). 
These initial results stimulated cooperative studies on the 
effect of testosterone propionate and DES which were both 
found to be effective in producing objective remissions. 
(Subcommittee on Steroid and Cancer of the Committee on 
Research of the Council on Pharmacy and Chemistry of the 
Am. Med. Association followed by the Cooperative Breast 
Cancer Group under the Cancer Chemotherapy National 
Service Center of the NCI who found that testosterone 
propionate improved remission rate and duration, quality of 
life and survival (Cooperative Breast Cancer Group, JAMA 
188, 1069-1072, 1964)). 

A response rate of 48% (13 of 27 patients) was observed 
in postmenopausal women who received the long- acting 
androgen methonolone enanthate (Kennedy et al., Cancer 
21: 197-201, 1967). The median duration of survival was 
four times longer in the responders as compared to the 
non-responder group (27 versus 7.5 months). A large num- 
ber of studies have demonstrated that androgens induce 
remission in 20 to 40% of women with metastatic breast 
cancer (Kennedy, Hormone Therapy in Cancer. Geriatrics 
25: 106-112, 1970, Goldenberg et al., JAMA 223: 
1267-1268, 1973). 

A response rate of 39% with an average duration of 11 
months has recently been observed in a group of 33 post- 
menopausal women who previously failed or did not 
respond to Tamoxifen (Manni et al., Cancer 48: 2507-2509, 
1981) upon treatment with Fluoxymesterone (Halostatin) 
(10 mg, b.i.d.). Of these women, 17 had also undergone 
hypophysectomy. There was no difference in the response 
rate to Fluoxymesterone in patients who had previously 
responded to Tamoxifen and in those who had failed. Of the 
17 patients who had failed to both Tamoxifen and 
hypophysectomy, 7 responded to Fluoxymesterone for an 
average duration of 10 months. Among these, two had not 
responded to either Tamoxifen or hypophysectomy. 

The combination Fluoxymesterone and Tamoxifen has 
been shown to be superior to Tamoxifen alone. In fact, 
complete responses (CR) were seen only in the combination 
arm while 32% showed partial response (PR) in the com- 
bination arm versus only 15% in the monotherapy arm. In 
addition, there were only 25% of non-responders in the 
combination therapy arm versus 50% in the patients who 
received TAM alone (Tormey et al., Ann. Int. Med. 
98:139-144, 1983). Moreover, the median time from onset 
of therapy to treatment failure was longer with 
Fluoxymesterone+Tamoxifen (180 days) compared to the 
Tamoxifen arm alone (64 days). There was a tendency for 
improved survival in the combination therapy arm (380 
versus 330 days). 

The independent beneficial effect of an androgen com- 
bined with an antiestrogen is suggested by the report that 
patients who did not respond to Tamoxifen could respond to 
Fluoxymesterone and vice versa. Moreover, patients treated 
with Tamoxifen and crossing over to Fluoxymesterone sur- 
vived longer that those treated with the reverse regimen 
(Tormey et al., Ann. Int. Med. 98: 139-144, 1983). 

Since testosterone propionate had beneficial effects in 
both pre- and post-menopausal women (Adair et al., J. Am. 
Med. Ass. 15: 1193-1200, 1949), it indicates that in addition 
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to inhibiting gonadotropin secretion, the androgen exerts a 
direct inhibitory effect on cancer growth. 

Recent in vitro studies describe the relative antiprolifera- 
tive activities of an androgen on the growth of the estrogen - 
sensitive human mammary carcinoma cell line ZR-75-1 
(Poulin et al. "Androgens inhibit basal and estrogen-induced 
cell proliferation in the ZR-75-1 human breast cancer cell 
line", Breast Cancer Res. Treatm. 12: 213-225, 1989). As 
mentioned above, Poulin et al. (Breast Cancer Res. Treatm. 
12: 213-225, 1989) have found that the growth of ZR-75-1 
human breast carcinoma cells is inhibited by androgens, the 
inhibitory effect of androgens being additive to that of an 
antiestrogen. The inhibitory effect of androgens on the 
growth of human breast carcinoma cells ZR-75-1 has also 
been observed in vivo in nude mice (Dauvois and Labrie, 
Cancer Res. 51: 3131-3151, 1991). 

As a possible mechanism of androgen action in breast 
cancer, it has recently been shown that androgens strongly 
suppress estrogen (ER) and progesterone (PgR) receptor 
contents in ZR-75-1 human breast cancer cells as measured 
by radioligand binding and anti-ER monoclonal antibodies. 
Similar inhibitory effects were observed on the levels of ER 
mRNA measured by ribonuclease protection assay. The 
androgenic effect is measured at subnanomolar concentra- 
tions of the non-aromatizable androgen 
5a-dihydrotestosterone, regardless of the presence of 
estrogens, and is competitively reversed by the antiandrogen 
hydroxyflutamide (Poulin et al., Endocrinology 125: 
392-399, 1989). Such data on estrogen receptor expression 
provide an explanation for at least part of the antiestrogenic 
effects of androgens on breast cancer cell growth and 
moreover suggest that the specific inhibitory effects of 
androgen therapy could be additive to the standard treatment 
limited to blockade of estrogens by antiestrogens. 

Dauvois et al. (Breast Cancer Res. Treatm. 14: 299-306, 
1989) have shown that constant release of the androgen 
5a-dihydrotestosterone (DHT) in ovariectomized rats bear- 
ing DMBA-induced mammary carcinoma caused a marked 
inhibition of tumor growth induced by 17(3-estradiol (E^. 
That DHT acts through interaction with the androgen recep- 
tor is supported by the finding that simultaneous treatment 
with the antiandrogen Flutamide completely prevented DHT 
action. Particularly illustrative of the potent inhibitory effect 
of the androgen DHT on tumor growth are the decrease by 
DHT of the number of progressing tumors from 69.2% to 
45 29.2% in E 2 -treated animals and the increase by the andro- 
gen of the number of complete responses (disappearance of 
palpable tumors) from 11.5% to 33.3% in the same groups 
of animals. The number of new tumors appearing during the 
28-day observation period in E 2 -treated animals decreased 
50 from 1.5±0.3 to 0.7±0.2 per rat during treatment with the 
androgen DHT, an effect which was also reversed by the 
antiandrogen Flutamide. Such data demonstrate, for the first 
time, that androgens are potent inhibitors of DMBA-induced 
mammary carcinoma growth by an action independent from 
55 inhibition of gonadotropin secretion and suggest an action 
exerted directly at the tumor level, thus further supporting 
the in vitro data obtained with human ZR-75-1 breast cancer 
cells (Poulin et al., Breast Cancer Res. Treatm. 12: 213-225, 
1988). 

60 The natural androgens testosterone (TESTO) and dihy- 
drotestosterone (DHT) are formed from conversion of 
androstenedione into TESTO by 17p-hydroxysteroid dehy- 
drogenase and then TESTO into DHT by the action of the 
enzyme 5a-reductase. The adrenal precursor 5-androst-5- 

65 ene-3p,17p-diol can also be converted into TESTO by 
action of the enzyme 3(3-hydroxysteroid dehydrogenase/ 
A 5 A 4 isomerase (3p-HSD). 
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Since the natural androgens TESTO and DHT have strong 
masculinizing effects, numerous derivatives of TESTO as 
well as progesterone have been synthesized in order to 
obtain useful compounds having fewer undesirable mascu- 
linizing side effects (body hair growth, loss of scalp hair, 5 
acne, seborrhea and loud voice). 

Medroxyprogesterone acetate (MPA) is one of the most 
widely used compounds in the endocrine therapy of 
advanced breast cancer in women (Mattsson, Breast Cancer 
Res. Treatm. 3: 231-235, 1983; Blumenschein, Semin 10 
Oncol. 10: 7-10, 1983; Hortobagyi et al., Breast Cancer Res. 
Treatm. 5: 321-326, 1985; Haller and Glick, Semin. Oncol. 
13: 2-8, 1986; Horwitz, J. Steroid Biochem. 27: 447^57, 
1987). The overall clinical response rate of high doses of this 
synthetic progestin averages 40% in unselected breast can- 35 
cer patients (Horwitz, J. Steroid Biochem. 27: 447^57, 
1987), an efficacy comparable to that of the non-steroidal 
antiestrogen tamoxifen (Lippman, Semin. Oncol. 10 
(Suppl.): 11-19, 1983). Its more general use, however, is for 
breast cancer relapsing after other endocrine therapeutic 2 o 
modalities. The maximal inhibitory action of medrox- 
yprogesterone acetate (MPA) on human breast cancer cell 
growth in vitro may be achieved at concentration as low as 
1 nM while an approximately 1000-fold higher dose is often 
required for glucocorticoid action (Poulin et al., Breast 2 5 
Cancer Res. Treatm. 13: 161-172, 1989). 

Until recently, the mechanisms underlying the antitumor 
activity of MPA were poorly understood and have been 
attributed to interaction with the progesterone receptor. This 
steroid, however, presents a high affinity for progesterone 30 
(PgR) as well as for androgen (AR) and glucocorticoid 
receptors (GR) in various animal tissues (Perez-Palacios et 
al., J. Steroid Biochem. 19: 1729-1735, 1983; Janne and 
Bardin, Pharmacol. Rev. 36: 35S^2S, 1984; Pridjian et al., 
J. Steroid Biochem. 26: 313-319, 1987; Ojasso et al, J. 35 
Steroid Biochem. 27: 255-269, 1987) as well as in human 
mammary tumors (Young et al., Am. J. Obstet. Gynecol. 
137: 284-292, 1980), a property shared with other synthetic 
progesterone derivatives (Bullock et al., Endocrinology 103: 
1768-1782, 1978; Janne and Bardin, Pharmacol. Rev. 36: 40 
35S-42S, 1984; Ojasso et al., J. Steroid Biochem. 27: 
255-269, 1987). It is known that in addition to progesterone 
receptors (PgR), most synthetic progestational agents bind 
with significant affinity to androgen (AR) as well as gluco- 
corticoid (GR) receptors, and induce biological actions 45 
specifically determined by these individual receptor systems 
(Labrie et al., Fertil. Steril. 28: 1104-1112, 1977; Engel et 
al., Cancer Res. 38: 3352-3364, 1978; Raynaud et al., In: 
Mechanisms of Steroid Action (G. P. Lewis, M. Grisburg, 
eds), MacMiland Press, London, pp. 145-158, 1981; Roch- 50 
efort and Chalbos, Mol. Cell. Endocrinol. 36: 3-10, 1984; J 
anne and Bardin, Pharmacol. Rev. 36: 35S^2S, 1984; Poyel 
and Labrie, Mol. Cell. Endocrinol. 42: 283-288, 1985; 
Poulin et al, Breast Cancer Res. Treatm. 13: 161-172, 
1989). Accordingly, several side effects other than proges- 55 
tational have been noted in patients treated with MPA. 

The most easily explained adverse side effects of MPA are 
related to its glucocorticoid-like action with Cushingoid 
syndrome, euphoria and subjective pain relief (Mattsson, 
Breast Cancer Res. Treatm. 3: 231-235, 1983; Blossey et al., 60 
Cancer 54: 1208-1215, 1984; Hortobagyi et al., Breast 
Cancer Res. Treatm. 5: 321-326, 1985; Van Veelen et al., 
Cancer Chemother. Pharmacol. 15: 167-170, 1985). Sup- 
pression of adrenal function by MPA is believed to be caused 
both by an inhibitory action on ACTH secretion at the 65 
pituitary level and by direct inhibition of steroidogenesis at 
the adrenal level (Blossey et al., Cancer 54: 1208-1215, 



1984; Van Veelen et al., Cancer Chemother. Pharmacol. 15: 
167-170, 1985; Van Veelen et al., Cancer Treat. Rep. 69: 
977-983, 1985). 

Despite its high affinity for AR, MPA seldom causes 
significant virilizing symptoms (acne, hirsutism, etc.) 
(Haller and Glick, Semin. Oncol.: 13: 2-8, 1986). Moreover, 
its inhibitory effect on gonadotropin secretion is clearly 
exerted through its direct interaction with pituitary AR in the 
rat (Labrie et al., Fertil. Steril. 28: 1104-1112, 1977; Perez- 
Palacios et al., J. Steroid Biochem. 19: 1729-1735, 1983) 
and human (Perez-Palacios et al., J. Steroid Biochem. 15: 
125-130, 1981). In addition, MPA exhibits androgenic activ- 
ity in the mouse kidney (Janne and Bardin, Pharmacol. Rev. 
36: 35S^2S, 1980) and in the rat ventral prostate (Labrie, 
C. et al., J. Steroid Biochem. 28: 379-384, 1987; Labrie C. 
et al., Mol. Cell. Endocrinol. 68: 169-179, 1990). 

Poulin et al. "Androgen and glucocorticoid receptor- 
mediated inhibition of cell proliferation by medroxyproges^ 
terone acetate in ZR-75-1 human breast cancer cells", Breast 
Cancer Res. Treatm. 13: 161-172, 1989) have recently 
found that the inhibitory effect of medroxyprogesterone 
acetate (MPA) on the growth of the human ZR-75-1 breast 
cancer cells is mainly due to the androgenic properties of the 
compound. The androgenic properties of MPA have been 
demonstrated in other systems (Labrie C. et al., J. Steroid 
Biochem. 28: 379-384, 1987; Luthy et al., J. Steroid Bio- 
chem. 31: 845-852, 1988; Plante et al., J. Steroid Biochem. 
31: 61-64, 1988; Labrie C. et al., Mol. Cell. Endocrinol. 58: 
169-179, 1990). Other synthetic; progestins have also been 
shown to possess, in addition to their progesterone-like 
activity, various degrees of androgenic activity (Labrie et al., 
Fertil. Steril. 31: 29-34, 1979; Poyet and Labrie, The 
Prostate 9: 237-246, 1986; Labrie C. et al., J. Steroid 
Biochem. 28: 379-384, 1987; Luthy et al., J. Steroid Bio- 
chem. 31: 845-S52, 1988; Plante et al., J. Steroid Biochem. 
31: 61-64, 1989). 

High dose MPA as first treatment of breast cancer has 
shown similar effects as Tamoxifen (Van Veelen et al., 
Cancer 58: 7-13, 1986). High dose progestins, especially 
medroxyprogesterone acetate and megestrol acetate have 
also been successfully used for the treatment of endometrial 
cancer (Tatman et al., Eur. J. Cancer Clin. Oncol. 25: 
1619-1621, 1989; Podratz et al., Obstet. Gynecol. 66: 
106-110, 1985; Ehrlich et al., Am. J. Obstet. Gynecol. 158: 
797_807, 1988). High dose MPA is being used with a 
success similar to that of Tamoxifen for the treatment of 
endometrial carcinoma (Rendina et al., Europ. J. Obstet. 
Gynecol. Reprod. Biol. 17: 285-291, 1984). 

In a randomized clinical trial, high dose MPA adminis- 
tered for 6 months has been shown to induce resolution of 
the disease in 50% of the patients and a partial resolution in 
13% of subjects compared to 12% and 6%, respectively, in 
patients who received placebo (Telimaa et al., Gynecol. 
Endocrinol. 1: 13, 1987). 

The androgen methyltestosterone has been shown to 
relieve the symptoms of endometriosis (Hamblen, South 
Med. J. 50: 743, 1987; Preston, Obstet, Gynecol. 2: 152, 
1965). Androgenic and masculinizing side effects 
(sometimes irreversible) are however important with potent 
androgenic compounds such as testosterone. 

In analogy with the androgen-induced decrease in estro- 
gen receptors in human breast cancer ZR-75-1 cells (Poulin 
et al., Endocrinology 125: 392-399; 1989), oral administra- 
tion of MPA to women during the follicular phase caused a 
decrease in the level of estrogen binding in the endometrium 
(Tseng and Gurpide, J. Clin. Endocrinol. Metab. 41, 
402^04, 1975). 
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Studies in animals have shown that androgen deficiency 
leads to osteopenia while testosterone administration 
increases the overall quantity of bone (Silberberg and 
Silberberg, 1971; see Finkelstein et al., Ann. Int. Med. 106: 
354-361, 1987). Orchiectomy in rats can cause osteoporosis 
detectable within 2 months (Winks and Felts, Calcif. Tissue 
Res. 32: 77-82, 1980; Verhas et al., Calif. Tissue Res. 39: 
74-77, 1986). 

While hirsute oligomenorrheic and amenorrheic women 
having low circulating E 2 levels would be expected to have 
reduced bone mass, these women with high androgen (but 
low estrogen) levels are at reduced risk of developing 
osteoporosis (Dixon et al., Clinical Endocrinology 30: 
271-277, 1989). 

Adrenal androgen levels have been found to be reduced in 
osteoporosis (Nordin et al., J. Clin. Endocr. Metab. 60: 651, 
1985). Moreover, elevated androgens in postmenopausal 
women have been shown to protect against accelerated bone 
loss (Deutsch et al., Int. J. Gynecol. Obstet. 25: 217-222, 
1987; Aloia et al., Arch. Int. Med. 143: 1700-1704, 1983). 
In agreement with such a role of androgens, urinary levels 
of androgen metabolites are lower in postmenopausal symp- 
tomatic menopausis than in matched controls and a signifi- 
cant decrease in conjugated dehydroepiandrosterone 
(DHEA) was found in the plasma of osteoporotic patients 
(Hollo and Feher, Acta Med. Hung. 20: 133, 1964; Urist and 
Vincent, J. Clin. Orthop. 18: 199, 1961; Hollo et al., Acta 
Med. Hung. 27: 155, 1970). It has even been suggested that 
postmenopausal osteoporosis results from both hypoestro- 
genism and hypoandrogenism (Hollo et al., Lancet: 1357, 
1976). 

As a mechanism for the above -suggested role of both 
estrogens and androgens in osteoporosis, the presence of 
estrogen (Komm et al., Science 241: 81-84, 1988; Eriksen 
et al., Science 241: 84-86, 1988) as well as androgen 
(Colvard et al., Proc. Natl. Acad. Sci. 86: 854-857, 1989) 
receptors in osteoblasts could explain increased bone resorp- 
tion observed after estrogen and androgen depletion. 

In boys, during normal puberty, an increase in serum 
testosterone levels procedes an increase in alkaline phos- 
phate activity (marker of osteoblastic activity) which itself 
precedes increased bone density (Krabbe et al., Arch. Dis. 
Child. 54: 950-953, 1979; Krabbe et al., Arch. Pediat. 
Scand. 73:750-755, 1984; Riis et al., Calif. Tissue Res. 37: 
213-217, 1985). 

While, in women, there is a rapid bone loss starting at 
menopause, bone loss in males can be recognized at about 
65 years of age (Riggs et al., J. Clin. Invest. 67: 328-335, 
1987), A significant bone loss is seen in men at about 80 
years of age, with the accompanying occurrence of hip, 
spine and wrist fractures. Several studies indicate that 
osteoporosis is a clinical manifestation of androgen defi- 
ciency in men (Baran et al., Calcif. Tissue Res. 26: 103-106, 
1978; Odell and Swerdloff, West. J. Med. 124: 446-475, 
1976; Smith and Walker, Calif. Tissue Res. 22 (Suppl.): 
225-228, 1976). 

Although less frequent than in women osteoporosis can 
cause significant morbidity in men (Seeman et al., Am. J. 
Med. 75: 977-983, 1983). In fact, androgen deficiency is a 
major risk for spinal compression in men (Seeman et al., 
Am. J. Med. 75: 977-983, 1983). Decreased radial and 
spinal bone density accompanies hypogonadism associated 
with hyperprolactinemia (Greenspan et al., Ann. Int. Med. 
104: 777-782, 1986) or anaorexia nervosa (Rigotti et al., 
JAMA 256: 385-288, 1986). However, in these cases, the 
role of hyperprolactinemia and loss in body weight is 
uncertain. 
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Hypogonadism in the male is a well-recognized cause of 
osteoporotic fracture (Albright and Reinfenstein, 1948; 
Saville, Clin. End. Metab. 2: 177-185, 1973). Bone density 
is in fact reduced in both primary and secondary hypogo- 
nadism (Velentzas and Karras. Nouv. Presse Medicale 10: 
2520, 1981). 

Severe osteopenia as revealed by decreased cortical and 
trabecular bone density was reported in 23 hypo gonadotro- 
pic hypogonadal men (Finkelstein et al., Ann. Int. Med. 106: 
354-361, 1987; Foresta et al., Horm. Metab. Res. 15: 56-57, 
1983). Osteopenia has also been reported in men with 
Kline felter's syndrome (Foresta et al., Horm. Metab. Res. 
15: 206-207, 1983; Foresta et al., Horm. Metab. Res. 15: 
56-57, 1983; Smith and Walker, Calif. Tissue Res. 22: 
225-228, 1977). 

Androgenic-reversible decreased sensitivity to calcitonin 
has been described in rats after castration (Ogata et al., 
Endocrinology 87: 421, 1970; Hollo et al., Lancet 1: 1205, 
1971; Hollo et al., Lancet 1: 1357, 1976). In addition, serum 
calcitonin has been found to be reduced in hypogonadal men 
(Foresta et al., Horm. Metab. Res. 15: 206-207, 1983) and 
testosterone therapy in castrated rats increases the hypocal- 
cemic effect of calcitonin (McDermatt and Kidd, End. Rev. 
8: 377-390, 1987). 

Albright and Ruferstein (1948) originally suggested that 
androgens increase the synthesis of bone matrix. Androgens 
have also been shown to increase osteoid synthesis and 
mineralization in chicken (Puche and Rosmano, Calif. Tis- 
sue Res. 4: 39—47, 1969). Androgen therapy in hypogonadal 
men increases skeletal growth and maturation (Webster and 
Hogkins, Proc. Soc. Exp. Biol. Med. 45: 72-75, 1940). In 
addition, testosterone therapy in man has been shown to 
cause positive nitrogen, calcium and phosphate balance 
(Albright, F, Reifeinstein, E. C. In: The parathyroid glands 
and metabolic bone disease. Williams and Williams Co.: 
Baltimore, pp. 145-204, 1948). As studied by bone 
histomorphometry, testosterone therapy in hypogonadal 
males resulted in increases in relative osteoid volume, total 
osteoid surface, linear extend of bone formation and bone 
mineralization (Barau et al., Calcif. Tissue Res. 26: 
103-106, 1978). 

Treatment with testosterone has been shown to increase 
osteoid surfaces and beam width with unchanged or reduced 
oppositional rates, thus indicating and increase in total bone 
mineralization rate (Peacock et al., Bone 7: 261-268, 1986). 
There was also a decrease in plasma phosphate probably due 
to an effect on renal tubular reabsorption of phosphates 
(Selby et al., Clin. Sci. 69: 265-271, 1985). 

Cortical bone density increases in hyperprolactinemic 
men with hypogonadism when testicular function is normal- 
ized (Greenspan et al., Ann. Int. Med. 104: 777-782, 1986; 
Greenspan et al., Ann. Int. Med. 110: 526-531, 1989). 
Testosterone therapy increases bone formation in men with 
primary hypogonadism (Baron et al., Calcif. Tissue Res. 26: 
103-106, 1978; Francis et al., Bone 7: 261-268, 1986). 

In 21 hypogonadal men with isolated GnRH deficiency, 
normalization of serum testosterone for more than 12 
months increased bone density (Kinkelstein et al., J. Clin. 
Endocr. Metab. 69: 776-783, 1989). In men with already 
fused epiphyses, however, there was a significant increase in 
cortical bone density while no significant change was 
observed on trabecular bone density, thus supporting previ- 
ous suggestions of variable sensitivity of cortical and tra- 
becular bone to steroid therapy. 

Previous studies with anabolic steroids in small numbers 
of patients have suggested positive effects on bone (Lafferty 
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et aL, Ann. J. Med. 36: 514-528, 1964; Riggs et al., J. Clin. 
Invest. 51: 2659-2663, 1972; Harrison et al., Metabolism 
20: 1107-1118, 1971). More recently, using total body 
calcium measurements by neutron activation as parameter, 
the anabolic steroid methandrostenolone has shown positive 
and relatively long-term (24-26 months) effects in a double- 
blind study in postmenopausal osteoporosis (Chessnut et al., 
Metabolism 26: 267-277, 1977; Aloia et al., Metabolism 30: 
1076-1079, 1981). 

The anabolic steroid nandrolone decanoate reduced bone 
resorption in osteoporotic women (Dequeker and Geusens, 
Acta Endocrinol. 271 (SuppL): 45-52, 1985) in agreement 
with the results observed during estrogen therapy (Dequeker 
and Ferin, 1976, see Dequeker and Geusens). Such data 
confirm experimental data in rabbits and dogs when nan- 
drolone decanoate reduced bone resorption (Ohem et al., 
Curr. Med. Res. Opin. 6: 606-613, 1980). Moreover, in 
osteoporotic women (Dequeker and Geusens, Acta Endo- 
crinol. (Suppl.) 271: 45-52, 1985) the anabolic steroid not 
only reduced bone loss but also increased bone mass. 
Vitamin D treatment, on the other hand, only reduced bone 
resorption. 

Therapy of postmenopausal women with nandrolone 
increased cortical bone mineral content (Clin. Orthop. 225: 
273-277). Androgenic side effects, however, were recorded 
in 50% of patients. Such data are of interest since while most 
therapies are limited to an arrest of bone loss, an increased 
in bone mass was found with the use of the anabolic steroid 
nandrolone. A similar stimulation of bone formation by 
androgens has been suggested in a hypogonadal male (Baran 
et al., Calcif. Tissue Res. 26: 103, 1978). The problem with 
regimens which inhibit bone resorption with calcium, cal- 
citriol or hormones is that they almost certainly lead to 
suppression of bone formation (Need et al., Mineral. Elec- 
trolyte Metabolism 11: 35, 1985). Although, Albright and 
Reiferestein (1948) (See Need, Clin. Orthop. 225: 273, 
1987) suggested that osteoporosis is related to decreased 
bone formation and will respond to testosterone therapy, the 
virilizing effects of androgens have made them unsuitable 
for the treatment of postmenopausal women. Anabolic 
steroids, compounds having fewer virilizing effects, were 
subsequently developed. Although, minimal effects have 
been reported by some (Wilson and Griffin, Metabolism 28: 
1278, 1980) more positive results have been reported 
(Chessnut et al., Metabolism 32: 571-580, 1983; Chessnut 
et al., Metabolism 26: 267, 1988; Dequeker and Geusens, 
Acta Endocrinol. (Suppl. 110) 271: 452, 1985). A random- 
ized study in postmenopausal women has been shown an 
increase in total bone mass during treatment with the ana- 
bolic steroid stanazolol although side effects were recorded 
in the majority of patients (Chessnut et al., Metabolism 
32:571-580,1983). 

As mentioned above, the doses of "progestins" (for 
example medroxyprogesterone acetate) used for the stan- 
dard therapy of breast cancer are accompanied by undesir- 
able important side effects (especially those related to inter- 
action of the steroid with the glucocorticoid receptor, 
especially Cushingoid syndrome, euphoria) (Mattsson, 
Breast Cancer Res. Treatm. 3: 231-235, 1983; Blossey et al., 
Cancer 54: 1208-1215, 1984; Hortobagyi et al., Breast 
Cancer Res. Treatm. 5: 321-326, 1985; Von Veelen et al., 
Cancer Chemother. Pharmacol. 15: 167-170,1985). 

The term "progestin" refers to derivatives of progesterone 
and testosterone. Such progestins have, at times, been syn- 
thesized with the aim of developing compounds acting as 
analogs of progesterone on the progesterone receptors, espe- 
cially for the control of fertility. With the availability of new 
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and more precise tests, however, it became evident that such 
compounds, originally made to interact exclusively with the 
progesterone receptor, do also interact, frequently with high 
affinity, with the androgen receptor (Labrie et al., Fertil. 
Steril. 28: 1104-1112, 1977; Labrie et al., Fertil. Steril. 31 
29-34, 1979; Labrie, C. et al., J. Steroid Biochem. 28 
379-384, 1987; Labrie C. et al., Mol. Cell. Endocrinol. 68 
169-179, 1990). Sometimes, the androgenic activity of these 
compounds, especially at low concentrations, becomes more 
important than the true progestin activity. This is the case, 
for example, for medroxyprogesterone acetate (Poulin et al., 
Breast Cancer Res. Treatm. 13: 161-172, 1989). 

A problem with prior-art treatments of breast and 
endometrial cancer with synthetic progestins is the side 
effects observed with such treatments. The blockade of 
estrogens, another common treatment for breast cancer, 
would have undesirable deleterious effects on bone mass in 
women. Similarly, blockade of estrogens, a common treat- 
ment for endometriosis, has similar undesirable deleterious 
effects on bone mass in women. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
for prevention and treatment of breast cancer, endometrial 
cancer, osteoporosis and endometriosis, while substantially 
avoiding undesirable side effects. 

It is another object of the invention to provide a method 
for prevention of cancer having more specific effectiveness 
in delaying tumor growth. 

It is another object of the invention to provide a method 
for prevention of breast and endometrial cancer having 
significantly reduced frequency of unwanted side effects. 

It is another object of the invention to provide a method 
for prevention of bone loss in men and women having a 
reduced frequency of unwanted side effects. 

It is another object of the invention to provide a method 
for prevention of bone loss in women where estrogen 
formation and/or action is blocked in order to treat various 
estrogen-sensitive diseases, including cancer. 

It is another object of the invention to provide a method 
for prevention of bone loss in women already exposed to low 
estrogens following menopause, j 

It is a further object of the invention to provide kits and 
pharmaceutical compositions for use in the methods 
described herein. 

These and other objects are achieved by practicing the 
methods disclosed herein and/or by utilizing the pharma- 
ceutical compositions and kits disclosed herein. 

In one embodiment, a method is provided for activating 
androgen receptors in a warm blooded animal, including a 
human, comprising administering to said animal at least one 
androgenic steroid having a Ki value of less than 2xlO~ 8 M 
for the androgen receptor, an androgen receptor-mediated 
inhibitory effect on the growth of human breast cancer 
ZR-75-1 cells which reaches half-maximal value at a con- 
centration below 3.0 nanomoles per liter, and no visible 
masculinizing activity at blood serum concentrations below 
50 nM, wherein every such androgenic steroid is adminis- 
tered at a dosage sufficiently low to maintain a cumulative 
serum concentration below 50 nanomoles per liter. 

The methods of said androgenic steroid described herein 
are particularly useful for the treatment of human breast or 
endometrial cancer, osteoporosis or endometriosis. It is 
believed that the methods are also suitable for all purposes 
which are enhanced by administering androgens or other- 
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wise activating androgen receptors. Both treatment and 
prevention of the diseases and disorders discussed herein are 
contemplated within the scope of the invention. It is believed 
that the methods of the invention are suitable for both 
prophylactic and therapeutic use. 

The compounds utilized have the special property of 
possessing potent androgenic activity at low blood concen- 
tration (e.g. less than 50 nM) while exhibiting very little 
glucocorticoid receptor activity at those concentrations. 
They are also characterized by the absence of physical 
masculinizing activity in females at the concentration range 
at which they are used. This is to be distinguished from 
natural androgens produced in gonadal or peripheral tissues 
such as testosterone and dihydrotestosterone which exhibit 
considerable masculinizing activity even at low blood con- 
centrations. Synthetic progestins, e.g. progesterone deriva- 
tives are useful for this invention, as are some anabolic 
steroids. 

The androgens of the invention on average do not cause 
physically detectable increase in masculinizing effects such 
as increased hair growth in females, acne, seborrhea or hair 
loss. These masculinizing effects have been quantified in the 
literature. See, for example, Ferriman and Gallwey, J. P. 
Clin. Endocrinol. Metab. 21: 1440-1447, 1961 (regarding 
hair growth); Cremoncini et al., Acta. Eur. Fertil. 7: 
248-314, 1976 (acne, seborrhea and hair loss). See also 
Cusan et al., J. Am. Acad. Dermatol. 23: 462-469, 1990. 
Tables 1 and 2 below set forth a quantification. 

TABLE 1 

Definition of hair grading at each of 11 sites 
(Grade Q at all sites indicates absence of terminal hair) 



Site 



Grade Definition 



1. Upper lip 



2. Chin 



3. Chest 



4. Upper back 



5. Lower back 



6. Upper abdomen 



7. Lower abdomen 



8. Arm 



9. Forearm 

10. Thigh 

11. Leg 



1 A few hairs at outer margin 

2 A small moustache at outer margin 

3 A moustache extending halfway 
from outer margin 
A moustache extending to mid- line 
A few scattered hairs 
Scattered hairs with small 
concentrations 

Complete cover, light and heavy 
Circumareolar hairs 
With mid-line hair in addition 
Fusion of these areas, with three- 
quarter cover 
Complete cover 
A few scattered hairs 
Rather more, still scattered 
Complete cover, light and heavy 
A sacral tuft of hair 
With some lateral extension 
Three-quarter cover 
Complete cover 
A few mid- line hairs 
Rather more, still mid-line 
Half and full cover 
A few mid- line hairs 
A mid -line streak of hair 
A mid- line band of hair 
An inverted V-shaped growth 
Sparse growth affecting not more 
than a quarter of the limb surface 
More than this; cover still 
incomplete 

Complete cover, light and heavy 
Complete cover of dorsal surface; 2 
grades of light and 2 of heavy growth 
1, 2, 3, 4 As for arm 
1, 2, 3, 4 As for arm 



4 
1 

2 

3 & 4 
1 

2 
3 

4 

1 

2 

3 & 4 
1 
2 
3 
4 
1 
2 

3 & 4 
1 
2 
3 
4. 
1 



3 & 4 
1, 2, 3, 



10 



15 



20 



25 



30 



35 



45 



55 



60 



65 
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TABLE 2 



Grading of Acne, Seborrhea and Hair Loss 





Acne 


1. 


Isolated pustules, up to 10 in number 


2. 


More than 10 isolated pustules 


3. 


Clusters of pustules 


4. 


Confluent pustules 




Seborrhea 


1. 


Mild 


2. 


Moderate 


3. 


Severe 




Hair Loss 


1. 


Mild 


2. 


Obvious thinning 


3. 


Very obvious thinning 


4. 


Baldness 



Preferred compounds for use in the invention include 
synthetic progestins, anabolic steroids and other steroidal 
compounds having a Ki value of less than 2xl0~ 8 M for the 
androgen receptor, an androgen receptor- mediated inhibi- 
tory effect on the growth of human breast cancer ZR-75-1 
cells reaching half-maximal value at a concentration below 
3.0 nanomoles per liter, and lacking the masculinizing 
activity discussed above. Preferred androgens of the inven- 
tion would cause no significant increase in the average 
masculinizing effect (e.g. a significant increase in any of the 
numerical grades set forth in Tables 1 or 2 above) observed 
in females following treatment for three months with blood 
concentrations of the androgen maintained at the top of the 
claimed concentration range (e.g. 50 nanomoles per liter). 
For most female patients for whom no masculinizing effects 
were visible prior to treatment, or a total score of 10 or less 
for all 11 sites indicated in Table 1 prior to treatment, the 
same score would normally be maintained during treatment 
in accordance with the present invention. That is, there 
would be no visible masculinizing effects after three months 
of treatment. For female patients displaying some mascu- 
linizing effects prior to treatment, it would be expected that 
those effects would not be increased by treatment 

To determine whether the Ki values are below 2xlO" 8 M, 
Ki values may be determined by the following method for 
measuring the affinity of various; compounds for the andro- 
gen receptor. 

Preparation of prostatic tissue 

Ventral prostates are from Sprague-Dawley rats (Crl:CD 
50 (SD)Br) (obtained from Charles River, St-Constant, 
Quebec) weighing 200-250 g and castrated 24 h before 
sacrifice. Immediately after removal, prostates are kept on 
ice and used for the androgen binding assays. 
Preparation of cytosol 

Prostatic tissues are finely minced with scissors (fresh 
tissue) or pulverized with a Thermovac system (frozen 
tissue) before homogenization in buffer A (Tris, 0.025M; 
monothioglycerol, 20 mM; glycerol, 10% (v/v); EDTA, 1.5 
mM and sodium molybdate, 10 mM, pH 7.4) in a 1:5 ratio 
(w/v) using a Polytron PT-10 homogenize r. These and all the 
following procedures are performed at 0°— 4° C. The homo- 
genate is centrifuged at 105000xg for 1 h in order to obtain 
the cytosolic fraction in the supernatant. 
Cytosolic androgen receptor assay 

Aliquots of 100 /il are incubated at 0°-4° C. for 18 h with 
100 {tl of 3 nM [ 3 H] T or [ 3 H] R1881 in the presence or 
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absence of increasing concentrations of the non-labeled 
androgenic compound to be tested. At the end of the 
incubation, free and bound T or R1881 are separated by the 
addition of 200 /*1 dextran-coated charcoal (1% charcoal, 
0.1% dextran T-70, 0.1% gelatin, 1.5 mM EDTA and 50 mM 
Tris (pH 7.4)) for 15 min before centrifugation at 2300xg for 
another 15 min at 0°^° C. Aliquots (350 /d) of the super- 
natant are transferred to scintillation vials with 10 ml of an 
aqueous counting solution (Formula 963, New England 
Nuclear) before counting in a Beckman LS 330 counter 
(30% efficiency for tritium). 
Ki calculation 

Apparent inhibition constant "Ki" values are calculated 
according to the equation Ki=IC 50 /(l+S/K) (Cheng and 
Prusoflf, Biochem. Pharmacol. 22: 3099-3108, 1973). In this 
equation, S represents the concentration of [ 3 H]T or [ 3 H] 
R1881, K is the dissociation constant (K^) of T or R1881 
and IC 50 is the concentration of unlabeled compounds 
giving a 50% inhibition of Tor R1881 binding. For numer- 
ous compounds, Ki values are reported in the literature. See, 
for example, Ojasso et al., J. Ster. Biochem. 27: 255-269, 
1987; Asselin et al., Cancer Res. 40: 1612-1622, 1980; Toth 
and Zakar J. Steroid Biochem. 17: 653-660, 1982. A method 
giving similar results is described in Poulin et al., Breast 
Cancer Res. Treatm. 12: 213-225, 1988. 

In order to determine the concentration at which a given 
compound reaches half-maximal androgen receptor- 
mediated inhibitory effect on the growth of human breast 
cancer ZR-75-1 cells, the following technique is utilized as 
described in detail in Poulin et aL, Breast Cancer Res. 
Treatm. 12: 213-225, 1988. 

Maintenance of stock cultures 

The ZR-75-1 human breast cancer cell line can be 
obtained from the American Type Culture Collection 
(Rockville, Md.). The cells are routinely cultured in phenol 
red -free RPMI 1640 medium supplemented with 10 nM E^, 
15 mM Hepes, 2 mM L-glutamine, 1 mM sodium pyruvate, 
100 IU penicillin per ml, 100 fig streptomycin sulfate per ml, 
and 10% (v/v) fetal bovine serum (FBS), in a water- 
saturated atmosphere of 95% air: 5% C0 2 at 37° C. 

Stock cultures in their logarithmic growth phase are 
harvested with 0.05% trypsin/0.02% EDTA(w/v) in Hanks' 
balanced salts solution and resuspended in E 2 - and phenol 
red-free RPMI 1640 medium containing 5% (v/v) dextran- 
coated charcoal (DCC)-treated FBS and 500 ng of bovine 
insulin per ml, but otherwise supplemented as described 
above for maintenance of stock cultures. Cells were plated 
in 24-well Linbro culture plates (Flow Laboratories) at a 
final density of 0.5^.0xl0 4 cells/well. 

Fourty-eight hours after plating, fresh SD medium con- 
taining the appropriate concentrations of steroids are added. 
The final concentration of ethanol used for the addition of 
test substances does not exceed 0.12% (v/v) and has no 
significant effect on cell growth and morphology. The incu- 
bation media are replaced every other day and cells are 
harvested by trypsinization after 12 days of treatment, unless 
otherwise indicated. Cell number can be determined with a 
Coulter Counter. 

Calculations and statistical analyses 

Apparent IC 50 values are calculated using an iterative 
least squares regression (Rodbard, Endocrinology 94: 
1427-1437, 1974), while apparent inhibition constants (Ki 
values) are calculated according to Cheng and Prusoff 
(Biochem. Pharmacol. 22: 3099-3108, 1973). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a comparative graph over time of the number of 
tumors observed in a group of rats protected by a method in 
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accordance with the invention following administration of 
dimethylbenz(a)anthracene (DMBA) versus an unprotected 
control group. 

FIG. 2 is a comparative graph of estradiol -stimulated 
5 growth of tumors in ovariectomzed rats treated in accor- 
dance with the invention versus an untreated control group. 

DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS 

io ... 
A better understanding of the multiple endocrine activity 

of synthetic progestins is required not only for their more 

rational use in the prevention and therapy of breast and 

endometrial cancers as well as endometriois and bone loss 

15 but also to avoid side effects caused by interaction with 

steroid receptors unnecessary for the desired beneficial 

effect. 

Precise analysis of the biological actions of synthetic 
"progestins" having affinity for many steroidal receptors 

20 would ideally require the selection of in vitro models 
possessing functional receptors for all major classes of 
steroids. For this purpose, we have chosen the ZR-75-1 
human breast cancer cell line, which possesses functional 
receptors for estrogens, androgens, progesterone and gluco- 

25 corticoids (Vignon et al., J. Clin. Endocrinol. Metab. 56: 
1124—1130, 1983) in order to compare the relative contri- 
bution of the different steroid receptor systems in the control 
of cell proliferation by synthetic progestins. While estrogens 
are strongly mitogenic in ZR-75-1 cells (Poulin and Labrie, 

30 Cancer Res. 46: 4933^937, 1986) and specifically regulate 
the expression and/or the secretion of several proteins 
(Dickson and Lippman, Endocjr. Rev. 8: 29-43, 1987), 
androgens (Poulin et al., Breast' Cancer Res. Treatm. 12: 
213-225, 1988), glucocorticoids (Hatton, A. C, Labrie, F, 

35 unpublished results) as well as progestins (Poulin et al., 
Breast Cancer Res. Treatm. 13: 161-172, 1989) inhibit their 
proliferation through specific interactions with their respec- 
tive receptors. 

Many progestins have been used in the treatment of breast 

40 cancer, including MPA (Blossey et al., Cancer 54: 
1208-1215, 1984; Hortobayyi et al., Breast Cancer Res. 
Treatm. 5: 321-326, 1985), MGA (Johnson et al., Semin. 
Oncol. 13 (Suppl.): 15-19, 1986; Tchekmedyan et al., 
Semin. Oncol. 13 (Suppl): 20-25, 1986) and norethindrone 

45 (Clavel et al., Eur. J. Cancer Clin. Oncol. 18: 821-826, 1982; 
Earl et al., Clin. Oncol. 10: 103-109, 1984). Using the in 
vitro system of human breast cancer ZR-75-1 cells, I have 
found that the synthetic progestins or anabolic steroids, 
Nor-testosterone, R1881, dromost anolone, 

50 fluoxymesterone, ethisterone, methandrostanolone, 
oxandrolone, danazol, stanozolol, calusterone, 
oxymetholone, cyproterone acetate, chlormadinone acetate 
and norgestrel, possess androgenic activity at low concen- 
trations. In addition to inhibition of cell growth, the secre- 

55 tion of two glycoproteins, namely gross cystic disease fluid 
protein-15 (GCDFP-15) and GCDFP-24 is markedly stimu- 
lated by androgens (Simard et al., Mol. Endocrinol. 3: 
694-702, 1989; Simard et al., Endocrinology 126: 
3223-3231, 1990). Measurements of GCDFP-25 or 

60 GCDFP-24 secretion can thus be used as sensitive parameter 
or marker of androgen action in these cells. In fact, changes 
in GCDFP-15 and GCDFP-24 secretion are opposite to the 
changes in cell growth under all experimental conditions 
examined. All the synthetic progestins or anabolic steroids 

65 that I have studied exhibit androgenic activity on ZR-75-1 
breast cancer growth and secretion of GCDFP-15 and 
GCDFP-24. 
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Identification of the receptors (estrogen, androgen, 
progesterone and glucocorticoid) responsible for the action 
of the compounds is essential in order to assess the potential 
actions (including adverse effects) of such compounds. It is 
thus especially important to assess the specific interaction at 
low concentrations with the androgen receptor since such 
low concentrations do not interact with the glucocorticoid 
receptor, thus avoiding or minimizing secondary side 
effects. 

One method for inhibiting growth of breast and endome- 
trial cells is activation of the androgen receptor with an 
effective compound having an affinity for the receptor site 
such that is binds to the androgen receptor at low concen- 
trations while not significantly activating other classes of 
steroid receptors linked to potential side effects. It is impor- 
tant to select compounds having maximal affinity for the 
androgen receptor which have minimal or no virilizing 
effects in women. In order to minimize interaction of such 
compounds with the glucocorticoid and estrogen receptors, 
it is important to use low dose of the compounds. It is also 
important to choose steroids having androgenic activity at 
low concentrations which are not metabolized into estrogens 
under in vivo conditions which, at the low concentrations 
used, will not lead to significant activation of receptors other 
than the androgen receptors. 

My research has shown that the compounds used in the 
invention, particularly anabolic steroids and synthetic 
progestins, vary markedly, over different concentrations, in 
their ability to activate different classes of steroidal recep- 
tors. Hence, by carefully controlling concentration, it is 
possible to selectively cause activation of desired receptors 
while not causing significant activation of undesired recep- 
tors. For example, at the low concentrations specified herein, 
MPAcan be utilized to desirably activate androgen receptors 
while substantially avoiding side effects associated with 
glucocorticoid activation which have plagued prior art treat- 
ments. 

Thus, this invention provides a novel method for preven- 
tion and therapy of breast and endometrial cancer as well as 
other diseases responsive to activation of the androgen 
receptor, e.g. bone loss and endometriosis. In this invention, 
the amount of the androgenic compounds administered is 
much lower than previously used in art for the treatment of 
breast and endometrial cancer. 

MONITORING BLOOD CONCENTRATION OF 
ANDROGENS OF THE INVENTION 

To help in determining the potential effects of the 
treatment, blood concentrations of the compound can be 
measured. For example, measurements of plasma medrox- 
yprogesterone acetate (MPA) levels can be made by radio- 
immunoassay following extraction as follows: 

Antibody preparation 

Antibody 144A was raised in rabbits against 
17-hydroxyprogesterone-3-0-carboxymethyloxime-BSA. 
The labeled steroid used in the radioimmunoassay (RIA) 
was methyl- 17a-hydroxyprogesterone acetate, 6ct-[l,2- 3 H 
(N)]- obtained from NEN (CAT NO: NET 480) while the 
reference preparation was medroxyprogesterone acetate 
(MPA) obtained from Steraloids. The assay buffer used was 
0.1% gelatin in 0.1 M sodium phosphate, 0.15M sodium 
chloride, 0.1% sodium azide, pH 7.2. The extraction solvent 
mixture was ethyl ether-acetone (9:1, v:v) [EEA] while the 
LH-20 chromatography solvent mixture was iso-octane: 
toluene: methanol (90:5:5; v:v:v) [IOTH]. 

Extraction procedure 

One ml of plasma was extracted twice with 5 ml of EEA. 
The extracts were evaporated to dryness with nitrogen and 
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the remaining residue was dissolved in one ml of IOTH. The 
extracts were then subjected to LH-20 chromatography on 
10x30 cm columns (Corning CAT NO: 05 722A) filled with 
2 g of LH-20 (Pharmacia). The gel was washed with 30 ml 
of IOTH before addition of one ml of sample and elution 
with IOTH. The first 6 ml were discarded. The following 10, 
16.5 and 27.5 ml of eluent were fraction I (progesterone), II 
(MPA) and III (17-LH-progesterone), respectively. Fraction 
II was evaporated to dryness and reconstituted in 1.5 ml of 
assay buffer. 

Radioimmunoassay 

To each 12x75 mm borosilicate test tube was added: 0.2 
ml containing 25,000 DPM of tritiated steroid, 0.5 ml of 
reference preparation ranging from 5 to 5000 pg/tube or 0.5 
ml of extracted sample fraction II, 0.2 ml of antiserum 144 A 
diluted 1/5000 or 0.2 ml of assay buffer to account for non 
specific binding. The tubes were then incubated overnight at 
4° C. Then, 0.2 ml 2% charcoal Norit-A, 0.2% Dextran T-70 
diluted in water was added. The tubes were then shaken 
gently and, after 10 min, they were centrifuged at 2000xg for 

10 min. The supernatant was mixed with 8 ml of Formula- 
989 (NEN: NEF-989) and the radioactivity was counted in 
a p -counter. 

The lower and upper limits of detection of MPA are 10 
and 10000 pg/ml, respectively, while the slope (LOGIT- 
LOG) is -2.2 and the ED 50 value is 315 pg/ml. Non-specific 
and net binding are 1.5 and 45%, respectively. Antibody 
144A is highly specific for MPA since cross-reactivity with 
progesterone, 20a-OH-Prog, pregnenolone, 17-OH- 
pregnenolone, DHT, androstenedione, testosterone, 3a-diol, 
estrone, estradiol and Cortisol is less than 0.1%. 
Calculations and statistics 

RIA data were analyzed using a program based on model 

11 of Roadbard and Lewald (In: 2nd Karolinska Symposium, 
Geneva, 1970, pp. 79-103). Plasma MPA levels are usually 
shown as the means±SEM (standard error of the mean) of 
duplicate measurements of individual samples. Statistical 
significance is measured according to the multiple -range test 
of Duncan-Kramer (Kramer, C. Y., Biometrics 12: 307-310, 
1956). 

A test compound's relative effect on various receptors 
To assist in determining the : activity of the potential 
compounds on the various steroid receptors, androgen, 
glucocorticoid, progesterone and estrogen-receptor- 
mediated activities of synthetic progestins and anabolic 
steroids can be measured in ZR-75-1 human breast cancer 
cells using cell growth as well as GCDFP-15 and GCDFP- 
24 release as parameters of response (Poulin and Labrie, 
Cancer Res. 46: 4933-^*937, 1986; Poulin et al., Breast 
Cancer Res. Treatm. 12: 213-225, 1988; Poulin et al., Breast 
Cancer Res. Treatm. 13: 161-172, 1989; Poulin et al., Breast 
Cancer Res. Treatm. 13: 265-276, 1989; Simard et al., Mol. 
Endocrinol. 3: 694-702,1989; Simard et al., Endocrinology 
126: 3223-3231, 1990). 

The following properties permit measurement of proges- 
terone receptor (PgR) activity: 1) the addition of insulin 
completely reverses the inhibition due to the interaction of 
the progestin R5020 with the PgR in ZR-75-1 cells; and 2) 
the antiproliferative effect of R5020 is observed only under 
E 1 -stimulated conditions. These two characteristics of 
ZR-75-1 cell growth permit study of the extent to which a 
tested compound's effects on ZR-75-1 cells are attributated 
to its interaction with PgR by evaluating the effect of insulin 
and/or estrogen addition on the growth response measured at 
the end of a 15-day incubation of ZR-75-1 cells with the test 
compounds. 

The contribution of the estrogen receptor (ER), on the 
other hand, can be directly measured by incubating ZR-75-1 
cells in the presence or absence of estrogen in the medium. 
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In order to analyze the interactions of synthetic progestins 
or anabolic steroids with the androgen receptor (AR) and 
glucocorticoid receptor (GR) in their inhibitory action on 
cell growth, one takes advantage of the additivity of the 
anti-proliferative effects of androgens and glucocorticoids in 
this cell line (Poulin et al., Breast Cancer Res. Treatm. 12: 
213-225, 1988; Hatton and Labrie, F., unpublished data). 
Thus, one can saturate AR with 5a-dihydrotestosterone 
(DHT) and then measure the effect on cell proliferation 
resulting from the addition of a putative glucocorticoid. On 
the other hand, the effect of a putative androgen can simi- 
larly be measured following saturation of GR by dexam- 
ethasone (DEX). The specificity of the growth-inhibitory 
activity thus observed with the test compound can also be 
further assessed by its reversibility using the appropriate 
antagonist (i.e. antiglucocorticoid or antiandrogen). Thus, in 
the presence of excess androgen (1 /iM DHT) in the presence 
of E 2 and insulin, glucocorticoid effects can be assessed with 
precision and with no interference by the other receptors. 
The same applies to study of the role of AR when the cells 
are incubated in the presence of excess glucocorticoid (3^M 
DEX), in the presence of E 2 and insulin. As demonstrated by 
detailed kinetic studies, 1 juM DHT and 3 fiM DEX exert 
maximal inhibitory effects on the AR and GR, respectively. 

In addition, the possible antagonistic activities of 
"progestins" mediated through the AR and GR can be 
determined by saturating both receptor systems with DHT 
and DEX with one ligand being in far greater excess than the 
other in order to allow reversal through a single chosen 
receptor at a time. All experiments are performed with 
ZR-75-1 cells grown in E 2 -supplemented media containing 
insulin in order to prevent the PgR-mediated effect of 
"progestins" on cell growth. 

Using the foregoing techniques, I have found that numer- 
ous androgenic compounds which also activate other recep- 
tors (e.g. glucocorticoid or progesterone receptors) vary in 
their relative effects on different receptors as a function of 
concentration. By staying within concentration ranges 
defined herein, compounds of the invention may beneficially 
affect androgen receptors without substantial undesirable 
effects on other receptors. 

Selection of patients who may benefit from the method's 
described herein 

The appearance of breast cancer is usually detected by 
self breast examination and/or mammography. Endometrial 
cancer, on the other hand, is usually diagnosed by endome- 
trial biopsy. Both cancers can be diagnosed and evaluated by 
standard physical methods well known to those skilled in the 
art, e.g. bone scan, chest X-Ray, skeletal survey, ultrasonog- 
raphy of the liver and liver scan (if needed), CAT scan, MRI 
and physical examination. Endometriosis can be diagnosed 
following pains or symptoms associated with menstruations 
in women while definitive diagnosis can be obtained by 
laparascopy and, sometimes, biopsy. 

Bone density, on the other hand, can be measured by 
standard methods well known to those skilled in the art, e.g. 
QDR (Quantitative Digital Radiography), dual photon 
absorptiometry and computerized tomography. Plasma and 
urinary calcium and phosphate levels, plasma alkaline 
phosphatase, calcitonin and parathormone concentrations, as 
well as urinary hydroxyproline and calcium/creatinine 
ratios. 

Breast or endometrial cancer, osteoporosis or otherwise 
insufficient bone mass, and other diseases treatable by 
activating androgen receptor may be treated in accordance 
with the present invention or prophylactically prevented in 
accordance herewith. 
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Typically suitable androgenic compounds include 
6-alpha-methyl,17-alpha-acetoxy progesterone or medrox- 
yprogesterone acetate available, for exemple, from Upjohn 
and Farmitalia Carlo Erba, S.p.A. under the trade names 

5 Provera, DepoProvera or Farlutal, and the acronym MPA. 
Other suitable androgenic compounds include those 
described in Labrie et al. (Fertil. Steril. 31: 29-34, 1979) as 
well as anabolic steroids or progestins (Raynaud and Ojasso, 
In: Innovative Approaches in Drug Research, Elsevier Sci. 

10 Publishers, Amsterdam, pp. 47-72, 1986; Sandberg and 
Kirdoni, Pharmac. Ther. 36: 263-307, 1988; and Vincens, 
Simard and De Lignieres, Les Aridrogenes. In: Pharmacolo- 
gic Clinique, Base de Therapeutique, 2ieme Edition, Expan- 
sion Scientifique (Paris), pp. 2139-2158, 1988), as well as 

15 Calusterone (7|3,17a-dimethyltestosterone), anabolic ste- 
roids (Lam, Am. J. Sports Medicine 12, 31-38, 1984; Hilf, 
R., Anabolic-androgenic steroids and experimental tumors. 
In: (Kochachian, C. D., eds.), Handbook of Experimental 
Pharmacology, vol. 43, Anabolic-Androgenic Steroids, 

20 Springer- Verlag, Berlin, 725 pp, 1976), fluoxymesterone 
(9a-fluoro-llp-hydroxy-17a-methyltestosterone), testoster- 
one 17p-cypionate, 17a-methyltestosterone, Pantestone 
(testosterone undecanoate), A 1 -testololactone and Andrac- 
tim. 

25 Other typical suitable androgenic compounds are cypro- 
terone acetate (Androcur) available from Shering AG, 
6-alpha-methyl, 17-alpha-acetoxy progesterone or medrox- 
yprogesterone acetate (MPA) available from, among others, 
Upjohn and Farmitalia, Calbo ERba, Gestodene available 

30 from Shering, megestrol acetate (17a-acetoxy-6-methyl- 
pregna-4,6-diene-3,20-dione) available from Mead Johnson 
& Co., Evanswille, Ind., under the trade name of Megace. 
Other synthetic progestins include Levonorgestrel, 
Norgestimate, desogestrel, 3-ketodesogestrel, 

35 norethindrone, norethisterone, 13a-ethyl-17-hydroxy-18, 
19-dinor-17p-pregna-4,9,ll-triene-20-yn-3-one (R2323, 
geslrinone), demegestone, norgeslrienone, gastrinone and 
others described in Raynaud and Ojasso, J. Steroid Bio- 
chem. 25: 811-833, 1986; Raynaud et al., J. Steroid Bio- 

40 chem. 25: 811-833, 1986; Raynaud et al, J. Steroid Bio- 
chem. 12: 143-157, 1980; Raynaud, Ojasoo and Labrie, 
Steroid Hormones, Agonists and Antagonists, In: Mecha- 
nisms of Steroid Action (G. P. Lewis and M. Ginsburg, eds), 
McMillan Press, London pp. 145-158 (1981). Any other 

45 progestin derivative having the above-described character- 
istics could also be useful for the invention. 

The androgenic compound is preferably administered as a 
pharmaceutical composition via topical, parenteral or oral 
means. The compound can be administered parenterally, i.e. 

50 intramuscularly or subcutaneously by injection of infusion 
by nasal drops, by suppository, or where applicable intrav- 
aginally or transdermally using a gel, a patch or other 
suitable means. The androgenic compound may also be 
microencapsulated in or attached to a biocompatible, bio- 

55 degradable polymer, e.g. poly(dl,l-lactide-co-glycolide) 
and subcutaneously or intramuscularly injected by a tech- 
nique called subcutaneous or intramuscular depot to provide 
continuous, slow release of the compound over a period of 
30 days or longer. In addition to the oral route, a preferred 

60 route of administration of the compound is subcutaneous 
depot injection. DepoProvera can be released at a relatively 
constant rate for approximately 3 months after intramuscular 
administration of an aqueous suppression. 

The amount of each compound administered is deter- 

65 mined by the attending clinician taking into consideration 
the patient's condition and age, the potency of each com- 
ponent and other factors. In the prevention of breast and 
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endometrial cancer, as well as bone loss, according to this 
invention, the following dosage ranges are suitable. 

The androgenic composition is preferably administered in 
a daily dosage which delivers less than 25 mg of active 
androgenic steroid per 50 kg of body weight. 5 

A dosage of 1-10 mg per 50 kg of body weight, especially 
3-7 mg (e.g. 5 mg) is preferred. The dosage selected 
preferably maintains serum concentration below 50 nano- 
moles per liter, preferably between 1.0 nanomoles per liter 
and 10, 15 or 25 nanomoles per liter depending on patient's 10 
response. The dosage needed to maintain these levels may 
vary from patient to patient. It is advisable for the attending 
clinical to monitor levels by the techniques described herein 
and optimize dosage accordingly. For prophylactic 
purposes, administration of the androgen is preferably 15 
started in the perimenopausal period for the prevention of 
breast and endometrial cancer and bone loss in normal 
women. The androgen may be associated with an accepted 
dose of an estrogen used to prevent other signs and symp- 
toms of menopause. In women, when estrogen formation 20 
and/or action has been blocked for treatment of 
endometriosis, leiomyomata, breast cancer, uterine cancer, 
ovarian cancer or other estrogen -sensitive disease, admin- 
istration of the androgen can be started at any time, prefer- 
ably at the same time as blockade of estrogens. 25 

The androgen for intramuscular or subcutaneous depot 
injection may be microencapsulated in a biocompatible, 
biodegradable polymer, e.g., poly(d,l-lactide-co-glycolide) 
by, among other techniques, a phase separation process or 
formed into a pellet or rod. The microspheres may then be 30 
suspended in a carrier to provide an injectable preparation or 
the depot may be injected in the form of a pellet or rod. See 
also European patent application EPA No. 58,481 published 
Aug. 25, 1982 for solid compositions for subdermal injec- 
tion or implantation or liquid formulations for intramuscular 35 
or subcutaneous injections containing biocompatible, bio- 
degradable polymers such as lactide-glycolide copolymer 
and active compounds. These formulations permit con- 
trolled release of the compound. 

The androgens useful in the present invention can be 40 
typically formulated with conventional pharmaceutical 
excipients, e.g., spray dried lactose and magnesium stearate 
into tablets or capsules for oral administration. 

The active substance can be worked into tablets or dragee 
cores by being mixed with solid, pulverulent carrier 45 
substances, such as sodium citrate, calcium carbonate or 
dicalcium phosphate, and binders such as polyvinyl 
pyrrolidone, gelatin or cellulose derivatives, possibly by 
adding also lubricants such as magnesium stearate, sodium 
lauryl sulfate, "Carbowax" or polyethylene glycol. Of 50 
course, taste-improving substances can be added in the case 
of oral administration forms. 

As further forms, one can use plug capsules, e.g., of hard 
gelatin, as well as closed soft-gelatin capsules comprising a 
softener or plasticizer, e.g. glycerine. The plus capsules 55 
contain the active substance preferably in the form of 
granulate, e.g., in mixture with fillers, such as lactose, 
saccharose, mannitol, starches, such as potato starch or 
amylopectin, cellulose derivatives or highly dispersed silicic 
acids. In soft-gelatin capsules, the active substance is pref- 60 
erably dissolved or suspended in suitable liquids, such as 
vegetable oils or liquid polyethylene glycols. 

In place of oral administration, the active compound may 
be administered parenterally. In such case, one can use a 
solution of the active substance, e.g., in sesame oil or olive 65 
oil. The active substance can be microencapsulated in or 
attached to a biocompatible, biodegradable polymer, e.g. 



poly(d,l-lactide-co-glycolide) and subcutaneously or intra- 
muscularly injected by a technique called subcutaneous or 
intramuscular depot to provide continuous slow release of 
the compound(s) for a period of 2 weeks or longer. 

The invention also includes kits or single packages con- 
taining the pharmaceutical composition active ingredients or 
means for administering the same for use in the prevention 
and treatment of breast and endometrial cancer as well as 
bone loss and treatment of endometriosis as discussed 
above. The kits or packages may also contain instructions on 
how to use the pharmaceutical compositions in accordance 
with the present invention. 

Following the above therapy using the described regimen, 
tumor growth of breast and endometrial cancer as well as 
bone loss and endometriosis can be relieved while minimiz- 
ing adverse side effects. The use of the described regimen 
can also prevent appearance of the same diseases. 

EXAMPLE 1 

Prevention of Mammary Carcinoma Induced by 
Dimethylbenz(a)anthracene (DMBA) in the Rat, By 
Low Dose Medroxyprogesterone Acetete ("MPA") 

To illustrate the efficacy of the present invention in 
reducing the incidence of mammary carcinoma, FIG. 1 
illustrates the effect of a single subcutaneous injection of 
Depo-Provera (Medroxyprogesterone Acetate (MPA) (30 
mg)) one week before inducing carcinoma with 
dimethylbenz(a)anthracene. FIG. 1 shows the period from 
30 to 85 days following administration of DMBA. One 
curve in FIG. 1 shows the average number of tumors per 
animal in the group protected by Depo-Provera while the 
other curve shows the average number of tumors per animal 
in the unprotected group. It is estimated that the 30 mg. 
injection of Depo-Provera would release approximately 0.17 
mg. of active medroxyprogesterone acetate per day over a 
six-month period. As may be seen by comparing the two 
graphs in FIG. 1, the Depo-Provera -treated group showed 
much greater resistance to the development of tumors than 
did the unprotected group. After 85 days an average of 1.89 
tumors per rat was observed in the unprotected group, while 
only 0.30 tumor per rat was observed in the Depo-Provera 
protected group. Tumor number and size measured with 
calipers were determined weekly. 

EXAMPLE 2 

Treatment of Mammary Carcinoma Induced By 
Dimethylbenz(a)anthracene In the Rat, By Low 
Dose Medroxyprogesterone Acetate 

FIG. 2 illustrates the inhibition of mammary carcinoma 
growth which may be achieved in accordance with the 
methods of the invention. Tumors were induced in ovariec- 
tomized rats using dimethylbenz(a)anthracene. Estradiol 
was used to stimulate growth in both a treatment and control 
group of rats. Each animal in the treatment group received 
a single subcutaneous administration of 30 mg of Depo- 
Provera (which is estimated to release approximately 0.17 
mg. per day of active medroxyprogesterone acetate for a 
period of about six months). This figure illustrates the 
average estradiol-stimulated change in total tumor area in 
each group following treatment. As may be seen in FIG. 2, 
the group treated with Depo-Provera exhibited significantly 
less tumor growth than the untreated group. 

The terms and descriptions used herein are preferred 
embodiments set forth by way of illustration only, and are 
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nol intended as limitations on the many variations which 
those of skill in the art will recognize to be possible in 
practicing the present invention as defined by patent claims 
based thereon. 

What is claimed is: 

1. A method for treating osteoporosis in a patient in need 
of such treatment, comprising administering to said patient 
at least one androgenic steroid having a Ki value for the 
androgen receptor of less than about 2xlO" 8 M and an 
androgen receptor-mediated inhibitory effect on the growth 
of human breast cancer ZR-75-1 cells which reaches half- 
maximal value at a concentration below 3.0 nanomoles per 
liter and no visible masculinizing activity wherein said 
androgenic steroid is administered at a dosage sufficiently 
low to maintain a cumulative androgenic steroid serum 
concentration between 1 and 50 nanomoles per liter for a 
period of at least 30 days. 

2. The method of claim 1, wherein said cumulative serum 
concentration is maintained between about 1 and 25 nano- 
moles per liter. 

3. The method of claim 1, wherein said cumulative serum 
concentration is maintained between 1 and about 15 nano- 
moles per liter. 

4. The method of claim 1, wherein said cumulative serum 
concentration is maintained between 1 and 10 nanomoles 
per liter. 

5. The method of claim 1, wherein said androgenic 
steroid(s) is(are) administered together with a pharmaceuti- 
cally acceptable diluent or carrier in a dosage which delivers 
less than 25 milligrams of such androgenic steroid(s) per 50 
kilograms of body weight per day. 

6. The method of claim 5, wherein said androgenic 
steroid(s) is(are) administered in an amount between about 
1 and about 10 milligrams of said androgenic steroid(s) per 
50 kilograms of body weight per day. 

7. The method of claim 5, wherein said androgenic 
steroid(s) is(are) administered in an amount between about 
3 and about 7 milligrams of said androgenic steroid(s) per 50 
kilograms of body weight per day. 

8. The method of claim 1, wherein at least one androgenic 
steroid is a synthetic progestin. 

9. The method of claim 1, wherein at least one androgenic 
steroid is an anabolic steroid. 

10. The method of claim 1, wherein at least one andro- 
genic steroid is medroxyprogesterone acetate (17a- 
acetoxy6a-methyl progesterone). 

11. The method of claim 7, wherein at least one andro- 
genic steroid is medroxyprogesterone acetate (17a-acetoxy- 
6a-methyl progesterone). 

12. The method of claim 11 further comprising adminis- 
tering an effective amount of estrogen for prevention or 
reduction of menopausal symptoms selected from the group 
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consisting of vasomotor symptoms, urogenital atrophy, bone 
loss, irritability, insomnia, anxiety and fatigue. 

13. The method of claim 2 further comprising adminis- 
tering an effective amount of estrogen for prevention or 
reduction of menopausal symptoms selected from the group 
consisting of vasomotor symptoms, urogenital atrophy, bone 
loss, irritability, insomnia, anxiety and fatigue. 

14. The method of claim 3 further comprising adminis- 
tering an effective amount of estrogen for prevention or 
reduction of menopausal symptoms selected from the group 
consisting of vasomotor symptoms, urogenital atrophy, bone 
loss, irritability, insomnia, anxiety and fatigue. 

15. The method of claim 4 further comprising adminis- 
tering an effective amount of estrogen for prevention or 
reduction of menopausal symptoms selected from the group 
consisting of vasomotor symptoms, urogenital atrophy, bone 
loss, irritability, insomnia, anxiety and fatigue. 

16. The method of claim 1 where osteoporosis is treated 
in a human patient. 

17. The method of claim 16, wherein said cumulative 
serum concentration is maintained between about 1 and 25 
nanomoles per liter. 

18. The method of claim 16, wherein said cumulative 
serum concentration is maintained between 1 and about 15 
nanomoles per liter. 

19. The method of claim 16, wherein said cumulative 
serum concentration is maintained between 1 and 10 nano- 
moles per liter. 

20. The method of claim 16 wherein said androgenic 
compound is medroxyprogesterone acetate. 

21. The method of claim 16 wherein said androgenic 
compound is megestrol acetate. 

22. The method of claim 16 wherein said androgenic 
compound is Gestodene. 

23. A method for treating osteoporosis in a patient in need 
of such treatment comprising administering to said patient 
medroxyprogesterone acetate at a dosage sufficiently low to 
maintain serum concentration of said medroxyprogesterone 
acetate between 1 and 50 nanomoles per liter for at least 30 
days. 

24. The method of claim 23, wherein said dosage is 
between 1 and 10 milligrams per 50 kilograms of body 
weight per day. 

25. A method for treating osteoporosis in a patient in need 
of such treatment comprising : administering megestrol 
acetate to said patient at a dosage sufficiently low to main- 
tain serum concentration of said megestrol acetate between 
1 and 50 nanomoles per liter for at least 30 days. 

26. The method of claim 25, wherein said dosage is 
between 1 and 10 milligrams per 50 kilograms of body 
weight per day. 
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ABSTRACT 

The objectives of the study were to determine stage-specific changes 
in the kinetics of germ cell apoptosis induced by administration of 
exogenous testosterone (T) alone and to examine whether addition of 
a single testicular heat exposure would enhance the induction of germ 
cell apoptosis and the suppression of spermatogenesis by T. Adult 
male rats were implanted with 3-cm SILASTIC brand capsules (Dow 
Corning Corp.) containing T for up to 6 weeks. Intratesticular T levels 
declined to 2.9% of control values by 1 week and remained suppressed 
at 2, 3, and 6 weeks after T administration. The incidence of germ cell 
apoptosis (expressed as numbers per 100 Sertoli cells) was low in 
control rats (0-9.52). After T treatment, the mean incidence of apo- 
ptosis at stages VII-VIII increased significantly by 1 week (21.43 ± 
3.33) and showed further increases by 6 weeks (56.30 ± 7.47); apo- 
ptotic rates remained low at early (I-VI) and later (XII-XIV) stages. 
To test whether the combination of T with a single testicular heat 
exposure resulted in more complete suppression of spermatogenesis 
than either treatment alone, four groups of adult rats received one of 
the following treatments: 1) a subdermal empty polydimethylsilozane 
implant, 2) exposure to a single testicular heating (43 C for 15 min) 
applied on day 14, 3) 3-cm T implant, or 4) 3-cm T implant and a single 
testicular heat exposure (applied on day 14). All animals were killed 
at the end of 6 weeks. In the heat-treated group, testis weight and 
testicular sperm counts were decreased to 65.4% and 28.9% of control 



WE HAVE PREVIOUSLY demonstrated in the rat that 
stage-specific loss of germ cells occurred exclusively 
by apoptosis after acute withdrawal of gonadotropins and 
intratesticular T by GnRH antagonist treatment. The hor- 
mone-dependent stages VII-VIII were the first to show en- 
hanced germ cell apoptosis, occurring 5-7 days after GnRH 
antagonist-induced suppression of gonadotropins and the 
resultant decrease in intratesticular T (1, 2). Preleptotene (PL) 
and pachytene (P) spermatocytes as well step 7 and step 19 
spermatids were most susceptible to the lack of hormonal 
stimulation. Although presumed to be similar to that of 
GnRH antagonist (suppression of serum LH or FSH), the 
mode of cell death during spermatogenic suppression by 
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levels, respectively. The corresponding values in the T-treated group 
were 49.7% and 24.9% of control levels, respectively. Notably, addi- 
tion of heat to T further reduced testis weight to 31.1% of control levels 
and testicular sperm counts to near zero. Histomorphometric analysis 
showed that all treatments reduced seminiferous tubular diameter 
and epithelial and luminal volume, with the greatest decrease after 
combined T and heat treatment. Heat exposure in animals bearing T 
implants markedly reduced the number of pachytene spermatocytes 
and round spermatids through apoptosis, resulting in tubules devoid 
of mature spermatids. Spermatogonia and preleptotene spermato- 
cytes remained unaffected. These results clearly demonstrate that 1) 
exogenous T reduces intratesticular T and induces apoptosis mainly 
at stages VII-VIII within 1-6 weeks; 2.) the combined treatment of T 
and heat markedly inhibits spermatogenesis, resulting in near 
azoospermia within 6 weeks; and 3) meiosis and spermiogenesis are 
the most vulnerable phases of spermatogenesis in response to T plus 
heat treatment. These findings suggest that a combination of hor- 
monal treatment such as T and a physical agent (heat exposure) is 
more effective in suppressing spermatogenesis than either treatment 
alone. We hypothesize that combination of two antispermatogenic 
agents ("two hit") working at separate stages of the spermatogenic 
cycle will lead to greater male contraceptive efficacy. (Endocrinology 
141: 1414-1424, 2000) 



exogenous administration of testosterone (T) alone has not 
yet been characterized. 

In additional studies (3), we further confirmed and ex- 
tended earlier studies (3a) by demonstrating that a single 
exposure (43 C for 15 min) of the rat testis to heat resulted 
in selective, but reversible, damage to the seminiferous ep- 
ithelium through increased germ cell apoptosis. Heat-in- 
duced germ cell apoptosis predominantly occurred at early 
(I-IV) and late (XII-XIV) stages. Spermatocytes, including P 
at stages I-IV and XII, diplotene and dividing spermatocytes 
at stages XIII-XIV, and early (steps 1-4) spermatids at stages 
I-IV, were most susceptible to heat. Stages V-VI and VII-VIII 
were relatively protected from heat-induced apoptosis. We 
have also provided evidence indicating that mild testicular 
hyperthermia is able to increase germ cell apoptosis at stages 
VII-VIII only when intratesticular T levels were decreased by 
the prior treatment with GnRH antagonist. We conclude 
from these studies that intratesticular T plays a pivotal role 
in protecting germ cells at stages VII-VIII against heat-in- 
duced cell death (3). 

In clinical studies to develop male hormonal methods of 
contraception, T administration resulted in reversible sup- 
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pression of spermatogenesis. Although quite effective, the 
suppression was not uniform, and azoospermia was 
achieved in 60-90% of men (4-6) only when serum T was 
elevated to the upper normal range. Moreover, the time 
required to achieve azoospermia or severe oligozoospermia 
usually takes more than 12 weeks. Although there are no data 
to support such a contention; concern has been expressed 
that high doses of T may have untoward effects on prostate. 
To develop new regimens that could rapidly induce devel- 
opment of azoospermia in all men with a lower dose of T, 
clinical studies were designed to combine T with progestins 
or GnRH analogs (7-9). Some of these combined regimens 
achieved azoospermia in over 90% of men in 8-12 weeks. 
Thus, even the combined T and progestogen regimens leave 
room for improvement to create a faster and more complete 
male contraceptive approach. 

In our search for optimization of an experimental sup- 
pressor of spermatogenesis, we propose that a two-hit ap- 
proach, with addition of heat treatment to exogenous hor- 
mone treatment such as T, will enhance the decrease in sperm 
output by inducing apoptosis at all stages of seminiferous 
epithelial cycle. When confirmed, the identification of the 
mechanisms by which hormonal and physical factors induce 
apoptosis at different stages involving different cell types 
will possibly allow the replacement of the specific heat- 
induced effects that target pharmacological agents. Such a 
combination would suppress sperm counts quickly and 
more completely. 

The objectives of the present study were 1) to document 
the temporal and stage-specific changes in the kinetics of 
germ cell apoptosis induced by administration of exogenous 
T alone, and 2) to determine whether the combination of a 
single testicular heat exposure with administration of a low 
dose of T could enhance the effect of T alone in rapidly and 
effectively suppressing spermatogenesis to near-complete 
azoospermia. 

Materials and Methods 

Animals 

Adult (60-day-old) male Sprague Dawley rats (280-350 g) purchased 
from Charles River Laboratories, Inc. (Wilmington, MA) were used in 
the study. Animals were housed in a standard animal facility under 
controlled temperature (22 C) and photoperiod (12 h of light, 12 h of 
darkness), with free access to water and rat chow. 

T and heat treatment 

T SILASTIC implants, 3 cm in length, were prepared from polydim- 
ethylsilozane tubing (od, 3.18 mm; id, 1.98 mm; Dow Corning Corp., 
Midland, Ml), packed with T (Sigma, St. Louis, MO), and sealed with 
SILASTIC medical adhesive A (Dow Coming Corp.) based on previ- 
ously described methods (10, 11). The release rate of T from the same 
type of implant was estimated to be about 30 /utg /cm-day (12). A 3-cm 
T-filled capsule was implanted subdermally along the dorsal surface of 
each rat under pentobarbital anesthesia and kept for different periods 
of time. Heating of the scrota of the adult rats was performed using a 
procedure described previously (3). Briefly, rats were anesthetized with 
an ip injection of sodium pentobarbital (40 mg/kg BW) and then placed 
in a specially constructed holder. The scrotum containing testes and the 
tail were then immersed for 15 min in a thermostatically controlled water 
bath at 43 C. Animal handling and experimentation were in accordance 
with the recommendation of the American Veterinary Medical Associ- 
ation and were approved by the Harbor-University of California- Los 



Angeles Research and Education Institute animal care and use review 
committee. 

Study protocols 

Exp I (T treatment alone). To document the temporal and stage-specific 
changes in the kinetics of germ cell apoptosis induced by exogenous 
administration of T, experimental animals (four or five in each group) 
were implanted subdermally with a 3-cm T capsule for 1, 2, 3, and 6 
weeks, and control animals were implanted with a 3-cm empty capsule. 

Exp 2 (T with or without concomitant heat application). In this experiment 
we examined whether the addition of a single testicular heat exposure 
to animals bearing T implant could result in more rapid and effective 
suppression of spermatogenesis than T alone. To establish the optimum 
time point of heat exposure, preliminary experiments were performed 
in which a single heat exposure was applied to the testis at 0, 1, 2, 3, and 
4 weeks after insertion of the T implant. Animals were killed at end of 
6 weeks. Based on preliminary data (see Results), subsequent experi- 
ments were performed where heat was applied 2 weeks after T implan- 
tation. Sixteen young adult male Sprague Dawley rats were randomly 
assigned to four groups to receive one of the following treatments. 
Group 1 (control) received a subdermal empty implant for 6 weeks. 
Group 2 (heat only) was exposed once to testicular heat of 43 C for 15 
min, applied 2 weeks after empty capsule implantation. Group 3 (T only) 
was given a 3-cm T implant for 6 weeks. Group 4 (T-t-heat) received a 
subdermal T implant in combination with a single heat exposure applied 
2 weeks later. All animals were killed at the end of 6 weeks. 

Blood collection and tissue preparation 

Both control and experimental animals were injected with heparin 
(130 IU/100 g BW, ip) 15 min before being killed by a lethal injection of 
sodium pentobarbital (100 mg/kg BW, ip) to facilitate testicular perfu- 
sion using a whole body perfusion technique (13, 14). Body weight was 
recorded at autopsy. Blood samples were collected from the inferior 
vena cava of each animal immediately after death, and plasma was 
separated and stored at -20 C for subsequent hormone assays. Also 
before perfusion, one testis from each rat was removed and weighed, 
and after decapsulation, testicular parenchyma were used for deter- 
mining the number of advanced (step 17-19) spermatids by the homog- 
enization technique (15). In brief, testicular parenchyma were weighed 
and then homogenized in the same volume (equivalent to testicular 
parenchyma weight) of 0.01 m PBS (pH 7.4). An aliquot, after appropriate 
dilution, was counted in a hemocytometer. Each square of the hemo- 
cytometer with coverslip in place represents a total volume of 10" 4 cm 3 . 
Results were expressed as number of spermatids per ml or per g testis. 
The figure obtained was then multiplied by the testis volume (equivalent 
of testicular weight) to yield the number of spermatids per testis. The 
remaining homogenized aliquots of testicular parenchyma from each rat 
were kept frozen at -70 to -80 C until used for testicular T assay. The 
contralateral testes were then fixed by vascular perfusion with 5% glu- 
taraldehyde in 0.05 m cacodylate buffer (pH 7.4) for 30 min, preceded 
by a brief saline wash. The ventral prostates and seminal vesicles were 
carefully dissected out and weighed. The testes were removed, cut into 
small (~0.2-cm) transverse slices, and placed into the same fixative 
overnight. One slice from the middle region of the testis was processed 
for routine paraffin embedding for in situ detection of apoptosis. The 
adjacent testicular slice from each rat was further diced into small pieces 
(1X2X2 mm), postfixed in 1% osmium tetroxide-1.25% potassium 
ferro-cyanide mixture, dehydrated in a graded series of ethanols, and 
embedded in Arialdite. Embedded testicular specimens were sectioned 
with an LKB ultramicrotome (Rockville, MD) at 2.05 jxm and stained 
with 1% toluidine blue for light microscopic examination and morpho- 
metric studies (13). 

Hormone assays 

The T concentrations in plasma and testicular homogenates were 
measured by RIA, as reported previously (16). Testicular tissue was 
homogenized in PBS (pH 7.4). All samples were then extracted with 10 
vol of a mixture of ethyl acetate-hexane (3:2, vol /vol) before RIA. The 
minimal detection limit in the assay was 0.25 ng/ml. The intra- and 
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interassay coefficients of variations were 8% and 11%, respectively. 
Plasma FSH levels were measured by R1A, using reagents provided by 
the NIDDK, as previously described (16). Rat (r) FSH RP-2 reference 
preparation and rFSH S-ll antiserum were used. The minimal detection 
limit in the assay was 0.4 ng/ml. The intra- and interassay coefficients 
of variations were 11% and 15%, respectively. Plasma LH levels were 
measured by an immunofluorometric assay for rLH (17) using a com- 
bination of monoclonal antibodies to human LH (Medix, Kauniainen, 
Finland) and bovine LH (provided by Dr. J. F. Roser, University of 
California-Davis), as described previously (16). The minimal detection 
limit in the assay was 0.02 ng/ml. The intra- and interassay coefficients 
of variation were 6% and 8%, respectively. 

Assessment of apoptosis 

In situ detection of cells with DNA strand breaks was performed in 
glutaraldehyde-fixed, paraffin-embedded testicular sections by the ter- 
minal deoxynucleotidyl transferase (TdT)-mediated deoxy-UTP nick 
end labeling (TUNEL) technique using an Apop Tag-peroxidase kit 
(Oncor, Gaithersburg, MD). The choice of fixative was based on the 
results of our previous studies, which showed that glutaraldehyde fix- 
ation significantly improved both TUNEL specificity and sensitivity 
while maintaining excellent morphological preservation (2, 3, 18, 19). In 
brief, after deparaffinization and rehydration, tissue sections were in- 
cubated with proteinase K for 15 min at room temperature, washed in 
distilled water, and then treated with 2% hydrogen peroxide in PBS for 
5 min at room temperature to quench endogenous peroxidase activity. 
Sections were then incubated with a mixture containing digoxigenin- 
conjugated nucleotides and TdT in a humidified chamber at 37 C for 1 h 
and subsequently treated with antidigoxigenin-peroxidase for 30 min at 
room temperature. To detect immunoreactive cells, the sections were 
incubated with a mixture of 0.05% diarninobenzidine and 0.01% H 2 0 2 
for 6 min. Sections were counterstained with 0.5% methyl green, dehy- 
drated in 100% butanol, cleared in xylene, and mounted with Permount 
(Fisher Scientific, Fairlawn, NJ). 

Negative and positive controls were carried out in every assay. As 
negative controls, tissue sections were processed in an identical manner, 
except that the TdT enzyme was replaced by the same volume of distilled 
water. Testicular sections from rats treated with GnRH antagonist for 7 
or 14 days were used as positive controls (2). 

Enumeration of the nonapoptotic Sertoli nuclei with distinct nucleoli 
and apoptotic germ cell population was carried out at stages 1-IV, V-VI, 
VT1-VIIT, IX-XI, and XII-XIV using an Olympus Corp. BH-2 microscope 
with a X100 oil immersion objective. These stages were intentionally 
chosen not only to examine the whole seminiferous epithelial cycle, but 
also to focus attention on the heat- and hormone-sensitive stages (2, 3, 
20-22). For each rat, at least 10 tubules/stage group were used. These 
stages were identified according to the criteria proposed by Russell et at. 
(23) for paraffin sections. The rate of germ cell apoptosis (apoptotic 
index) was expressed as the number of apoptotic germ cells per 100 
Sertoli cells (2, 3). 

Morphometric procedures 

The volume densities (Vv) of seminiferous tubules, tubular lumens, 
interstitium, and Leydig cells were determined by a point-counting 
method (13, 14). Five randomly selected sections per animal in each 
group were examined by an American Optical Microscope (Scientific 
Instruments, Buffalo, NY) with a X40 objective and a X 10 eye piece fitted 
with a square lattice containing 121 intersections. The results were ex- 
pressed as a percentage of the testis volume. The absolute volume of each 
of the testis components was then obtained by multiplying its Vv by 
fresh testis volume (Vv%). The diameters of 20 randomly selected trans- 
verse sections of seminiferous tubules were measured across the minor 
axis of their profiles with an ocular micrometer calibrated by means of 
a stage micrometer. 

Numerical densities (Nv) of Sertoli and germ cells (number per unit 
volume of the seminiferous tubule) at stages VTl-VIll of the cycle was 
determined by accepted stereological techniques as described previ- 
ously (13, 14). For each rat, 10 round cross-sections of seminiferous 
tubules were used. The Floderus equation Nv = N A /(T + D - 2 h) was 
used to calculate the Nv of germ cell nuclei and Sertoli cell nucleoli, 
where N A is the number of nuclei or nucleoli counted per unit area of 
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the seminiferous tubule profile, T is the section thickness, D is the 
average diameter of a given germ cell nucleus or the Sertoli cell nucle- 
olus, and h is the height of the smallest recognizable nuclear or nucleolar 
profile in the section. The nuclear profile of each germ cell (A, sper- 
matogonia, PL and P spermatocytes, and step 7 and 8 spermatids) and 
the number of Sertoli cell nucleoli (thereby cells, as only 1 typical nu- 
cleolus is present per nucleus) in the seminiferous tubules were counted 
under a X1000 magnification using an oil immersion objective. The 
seminiferous tubule profile area (a) was determined by point counting 
using the equation: a = p x u 2 , where p is number of points per tubular 
profile, and u is the distance between 2 neighboring point in terms of the 
magnification used to measure the area. The mean diameters of Sertoli 
ceil nucleoli and germ cell nuclei were obtained by direct measurements 
of their largest cross-sectioned profiles in serial sections. Even though 
the profiles of spermatogonia 1 nuclei were somewhat ellipsoidal, 
their eccentricity did not reach levels that would produce serious error. 
The height of the smallest recognizable nuclear or nucleolar profile was 
assumed to be l/10th of the diameter of the structure. The Nv of a given 
cell type (number per unit volume of fixed tissue) was corrected by 
multiplying a factor of 0.855 to provide the number of cells per unit 
volume of the fresh tissue. The absolute number of these cells was then 
determined by multiplying their Nv by the fresh volume of the testis. 
Cell counts were finally expressed as the number of germ cells per Sertoli 
cell (germ cell /Sertoli cell ratios). 

Statistical analysis 

Statistical analyses were performed using the SigmaStat 2.0 Program 
Qandel Corp., San Rafael, CA). Results were tested for statistical sig- 
nificance using the Student-Newman-Keuls test after one-way repeated 
measures ANOVA. Differences were considered significant if P < 0.05. 

Results 

Exp 1: T a lone 

Body and organ iveights and testicular sperm numbers. Body and 
organ weights and the number of homogenization-resistant 
advanced (step 17-19) spermatids in control and T-treated 
rats killed at various time intervals (1, 2, 3, and 6 weeks) are 
summarized in Table 1. No significant differences in the 
mean body weight and ventral prostate and seminal vesicle 
weights were observed among all treatment groups. In con- 
trast, a significant (P < 0.05) decrease in testis weight was 
noted as early as 3 weeks after T administration. By 6 weeks, 
the mean testis weight was reduced to 57.8% of the values 
measured in controls. Mean testicular sperm content was 
also significantly decreased to 29.4% (lOVtestis) of the con- 
trol values at 6 weeks after T treatment. 

Hormone levels. Hormone levels in controls and in the animals 
killed 1, 2, 3, and 6 weeks after T administration are sum- 
marized in Table 2. Plasma levels of FSH and LH decreased 
to 51.1% and 3.1% of control values, respectively, by 1 week 
and remained suppressed thereafter throughout the treat- 
ment period. Plasma T levels remained at the normal range 
throughout the entire treatment duration. Intratesticular T 
levels were rapidly and significantly reduced to 2.9% (ng/ 
testis) of control levels as early as 1 week after T adminis- 
tration. No further decrease in intratesticular T levels was 
noted thereafter. 

Stage-specific activation of germ cell apoptosis induced by T ad- 
ministration. To determine stage-specific changes in the ki- 
netics of germ cell apoptosis induced by administration of 
exogenous T, we assessed the changes in the incidence of 
germ cell apoptosis at various time intervals after T treat- 
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TABLE 1. Body weight, organ weights, and testicular sperm numbers 



1417 



Weeks after testosterone administration 





Control 




1 






2 






3 






6 




No. of animals 




4 






5 






5 






5 






4 




BW (g) 


319.6 




9.76 


316.5 




5.58 


347.9 




22.69 


343.9 




16.05 


425.2 




21.52 


Ventral prostate wt (g) 


0.57 


■+■ 


0.11 


0.53 


-+- 


0.11 


0.58 




0.05 


0.69 




0.06 


0.79 


-+- 


0.14 


Seminal vesicle wt (g) 


1.22 




0.21 


1.17 




0.17 


1.35 


-4- 


0.24 


1.38 




0.15 


1.76 




0.22 


Testis wt (g) 


1.28 


+ 


0.03° 


1.33 




0.07° 


1.18 




0.05° 


1.03 




0.06* 


0.74 




0.03' 2 


Testicular sperm cone. (10 6 /g) 


92.5 




5.12" 


76.8 




4.41° 


70 




8.32" 


69.6 




5.49" 


47.6 




4.22* 


Testicular sperm content (10 6 /testis) 


118 




4.86° 


102.5 




7.13°* 


83 




11.43* 


72 




8.06* 


34.7 




2.33 c 



Values are the mean ± SEM. In each row, means with unlike superscripts are significantly different (P < 0.05). 



TABLE 2. Effect of testosterone administration on plasma levels of FSH, LH, T, and testicular tissue levels of T in the adult rats 



Hormone 


Control 




Weeks after testosterone administration 




1 


2 


3 


6 


FSH (ng/ml) 
LH (ng/ml) 
PT (ng/ml) 
TT (ng/g) 
TT (ng/testis) 


7.78 ± 0.67 a 
0.64 ± 0.08° 
2.25 ± 0.38 
398.6 ± 128.4* 
498.59 ± 149.46 a 


3.98 ± 0.24* 
0.02 ± 0.01* 
1.67 ± 0.16 
10.68 ± 1.08* 
14.50 ± 2.04* 


4.05 ± 0.52* 
0.03 ± 0.02* 
1.57 ± 0.34 
12.70 ± 4.76* 
15.76 ± 6.76* 


3.08 ± 0.28* 
0.02 ± 0.01* 
1.30 ± 0.06 
7.66 ± 0.15* 
7.87 ± 0.47* 


2.88 ± 0.21* 
0.03 ± 0.01* 
1.55 ± 0.33 
5.28 ± 0.41* 
3.90 ± 0.43* 


Values are the mean 


± sem. PT, Plasma T; TT, testicular T. In each row, 


, means with unlike superscripts are significantly different (P < 0.05). 


TABLE 3. Apoptotic index (apoptotic germ cells per 100 Sertoli cells) at various seminiferous epithelial stages after testosterone 
administration 


Stages 


Control 




Weeks after testosterone administration 




1 


2 


3 


6 


I-IV 
V-VI 

VII-VIII 
IX-XI 

XII-XIV 


8.32 ± 1.87 
0 
0 a 

1.59 ± 0.36° 
9.52 ± 2.51 


5.69 ± 1.33 
0 

21.43 ± 3.33* 
1.92 ± 0.22° 
12.86 ± 2.47 


6.83 ± 0.49 
0 

20.57 ± 2.19* 
2.29 ± 0.84° 
7.94 ± 1.99 


4.91 ± 0.31 
0 

37.29 ± 4.62* 
1.88 ± 0.49° 
8.01 ± 0.84 


5.98 ± 2.11 
0 

56.30 ± 7.47 c 

5.99 ± 1.59* 
6.55 ± 0.78 



Values are the mean ± sem. In each row, means with unlike superscripts are significantly different (P < 0.05). 



ment. Changes in the incidence of germ cell apoptosis [ap- 
optotic index (AI), expressed as number of apoptotic germ 
cells per 100 Sertoli cells] at various seminiferous epithelial 
stages are summarized in Table 3. A low incidence of germ 
cell apoptosis (AI = 1.59-9.52) was detected at stages I-IV, 
IX-XI, and XII-XIV in control rats. The incidence of germ cell 
apoptosis was significantly increased exclusively at stages 
VII-VIII at the earliest time point examined, 1 week (AI = 
21.43) after T administration. A further increase in the inci- 
dence of apoptosis (AI = 56.30) was noted by 6 weeks, at 
which time the mean incidence of germ cell apoptosis be- 
came significantly elevated also at stages IX-XI (AI = 5.99). 
The earliest response (1 week) of the seminiferous epithelium 
to T implant involved primarily P spermatocytes and step 7 
spermatids and occasionally step 19 spermatids at stages 
VII-VIII (Fig. 1, A-C). 

Exp 2: combination of T treatment and heat application 

In a preliminary set of experiments, changes in testis 
weight and the number of homogenization-resistant ad- 
vanced spermatids were analyzed in T-treated rats that had 
been exposed to testicular hearing applied at 0, 1, 2, 3, and 
4 weeks after insertion of the T implant. Compared with 
individual treatment, T+heat (applied on week 2) clearly 
resulted in marked suppression of spermatogenesis, as ev- 



idenced by testis weight and testicular sperm count (Table 4). 
Accordingly, this combined treatment regimen was used for 
subsequent experiments for detailed examination of apopto- 
sis and histomorphometry. The data presented below rep- 
resent the results of these experiments. 

Testis weight, sperm number, and hormone levels. Testis weight 
(Fig. 2A) and testicular sperm numbers (Fig. 2B) were mark- 
edly decreased in both heat- and T-treated groups compared 
with those in control animals. Notably, T + heat further sig- 
nificantly reduced testis weight to 31.1% of control levels and 
specifically decreased sperm counts to almost zero. The ef- 
fects of heat exposure and T administration, either alone or 
in combination, on plasma levels of FSH, LH, T, and testic- 
ular tissue levels of T in adult rats are summarized in Table 
5. Plasma LH levels were decreased in the T and T+heat 
groups compared with those in either the control or heat- 
treated group. In contrast, plasma FSH levels were increased 
in the heat-treated group, but significantly decreased in both 
T and T + heat groups. Plasma LH and FSH levels were not 
different between T and T+heat groups. No significant dif- 
ference in plasma T levels was noted among the groups. The 
total content of testicular T was markedly reduced in both T 
and T+heat groups compared with that in either the control 
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Fig. 1. In situ detection of germ cell apoptosis in rat testis. Cellular localization of apoptosis was characterized by TUNEL assay. Methylgreen 
was used as a counterstain. A, Low power light micrograph from a rat that received a 3-cm T implant for 1 week, showing increased germ cell 
apoptosis (arrow) at stage VII; such apoptotic germ cells are rarely if ever seen at stage VII in a control rat. B and C, Higher magnified views 
of portions of stage VII tubules from rats that received a 3-cm T implant for 1 week, exhibiting apoptotic P spermatocytes and a step 7 spermatid 
(ST). A: Magnification, X180; scale bar, 0.1 mm. B and C: Magnification, X440; scale bar, 0.02 mm. 
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or heat-treated group. No differences in intra testicular T 
levels were apparent between T and T+heat groups. 

Testis morphology. Figure 3 shows the morphological appear- 
ance of the stage VII seminiferous tubules from a control (A), 
heat-treated (B), T-treated (C), and T- plus heat-treated (D) 
rats. In heat-treated animals (4 weeks after heat treatment), 
the majority of the seminiferous tubules revealed a picture of 
partial recovery of spermatogenesis (Fig. 3B). Histological 
examination further revealed a mild spermatogenic damage 
in T-treated animals, with the occurrence of degenerating 
germ cells in basal and midepithelial levels at stages VII- VIII 
(Fig. 3C). Compared with T or heat alone, T+heat clearly 
resulted in a marked impairment of spermatogenesis, and 
the seminiferous tubules were smaller in diameter and ex- 
hibited fewer P spermatocytes and round spermatids and 
complete absence of step 19 spermatids (Fig. 3D). 

Morphometric observations. The results of the stereological 
analysis of the volumetric composition of the testes and 
tubule diameters among control, heat alone, T alone, and T 
in combination with heat exposure groups are summarized 
in Table 6. Treatment with either T or heat resulted in a 
significant decrease in seminiferous tubular diameter and the 
volume of the seminiferous tubules and their lumens, with 
the greatest decrease after T in combination with heat. The 
volumes of interstitium and Leydig cells were also markedly 
reduced both in T and T+heat groups compared with those 
in either the control or heat-treated group. No differences in 
volume of Leydig cells were apparent between T and T+heat 
groups. 

Viable germ cell counts. The effects of T alone, heat alone, and 
T in addition to heat on spermatogenesis were further as- 
sessed by enumeration of the various germ cells (Al sper- 
matogonia, PL and P spermatocytes, and step 7 and 8 sper- 
matids) supported per Sertoli cell at stages VII-VIII of the 
seminiferous epithelial cycle. No significant deviation in the 
number of Sertoli cells was noted among control (19.10 ± 
2.18 X lOVtestis), heat-treated (19.60 ± 1.58 X 10 6 /testis), 
T-treated (16.80 ± 1.04 X 10 6 / testis), and T- plus heat-treated 
(19.00 ± 4.33 X 10 6 / testis) groups. No significant changes in 
the number of spermatogonia (Fig. 4A) and PL spermato- 
cytes (Fig. 4B) were apparent among various treatment 
groups. There was, however, a significant decrease in the 
number of P spermatocytes (Fig. 4C) and round spermatids 
(Fig. 4D) in heat, T, and T + heat groups compared with 
controls. Notably, the number of P spermatocytes and round 
spermatids in T+heat group were decreased to 46.36% and 
28.74% of control values, respectively, and also significantly 
decreased compared with those in either the heat or T treat- 
ment group. 

In situ detection of germ cell apoptosis. As in the first experiment, 
exogenous administration of T for 6 weeks resulted in acti- 
vation of germ cell apoptosis specifically at stages VII-VIII 
(Fig. 5A). In the heat alone group, the marked reduction of 
apoptosis was noted at early (I-IV) and late (XII-XIV) stages. 
The spermatogenesis had been partially recovered 4 weeks 
after heat exposure. In the T+heat group, the seminiferous 
tubules were smaller in diameter and exhibited a marked loss 
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A) Testis weight 



B) Sperm count 



E 
2 
o 




Control H 



Fig. 2. Testis weight (A) and testicular sperm numbers (B) in control (C), heat only (H), T only (T), and T in combination with heat treatment 
(T+H) groups. The animals were killed 6 weeks after receiving T implants and 4 weeks after heat exposure. Heat or T alone significantly 
decreased testis weight and sperm count compared with control values. T in combination with heat was even more effective, resulting in a marked 
decrease in testis weight and reducing the sperm count to almost zero. Values are the mean ± SD or se. Means with unlike superscripts are 
significantly different (P < 0.05). 

TABLE 5. Effects of heat alone, testosterone alone, and testosterone plus heat on plasma levels of FSH, LH, and T and testicular tissue 
levels of T in the adult rat 



Hormone 


Control 


Heat 


Testosterone 


Testosterone + heat 


FSH (ng/ml) 
LH (ng/ml) 
PT (ng/ml) 
TT (ng/g) 
TT (ng/testis) 


5.71 ± 0.64° 
0.64 ± 0.09" 
2.19 ± 0.18 
416.05 ± 52.24° 
611.83 ± 64.67° 


8.12 ± 0.43° 
0.46 ± 0.06° 
2.87 ± 0.70 
466.68 ± 118.34° 
463.40 ± 127.56° 


2.88 i 0.20 r 
0.03 ± 0.01 6 
1.55 ± 0.33 
5.28 + 0.41° 
3.90 ± 0.43° 


3.47 ± 0.23' 
0.04 ± 0.01* 
1.07 i 0.04 
11.29 ± 1.47° 
5.20 ± 0.68° 



Values are the mean ± sem. PT, Plasma T; TT, testicular T. In each row, means with unlike superscripts are significantly different (P < 0.05). 



of germ cells. A few remaining a pop to tic cells were detected 
in this group (Fig. 5B). Most of the apoptotic cells had been 
lost through phagocytosis by Sertoli cells. Spermatogonia 
and PL spermatocytes were unaffected. 

Discussion 

In this study, we demonstrated that the administration of 
a low dose of T to adult male rats results in the suppression 
of spermatogenesis, a decrease in intratesticular T, and pref- 
erential inhibition of plasma LH compared with plasma FSH. 
These events occur without significant changes in plasma T 
levels or weights of seminal vesicle and ventral prostate and 
confirm previous data from our laboratory (24, 25) as well as 
from others (11, 26-28). Intra testicular T was markedly de- 
creased as early as 1 week and remained suppressed 2, 3, and 
6 weeks after T implantation (11). We also demonstrated that 
administration of low dose of T induces activation of germ 
cell apoptosis involving mainly P spermatocytes and round 
spermatids at stages VII-VIII as early as 1 week. At 6 weeks, 
the incidence of germ cell apoptosis at stages VII-VIII is 
increased 2.6-fold over the 1 week treatment value. However, 



by this time, stages IX-XI also exhibited a significant increase 
in the number of apoptotic germ cells. This is similar to our 
previous study in GnRH-antagonist treated rats (1, 2), in 
which stages VII-VIII were affected first, followed later by 
stages IX-XI. The occurrence of apoptotic germ cells at later 
stages might be a delayed consequence of abnormal devel- 
opment of germ cells as they pass through stages VII-VIII (2, 
13, 29) or the consequence of an additive effect of FSH with- 
drawal. There is ample evidence to suggest that stages VII- 
VIII of the rat spermatogenic cycle exhibit the highest levels 
of immunocytochemically detectable androgen receptor ex- 
pression and are considered to be androgen-dependent 
stages (29, 30). 

We previously demonstrated that a single transient local 
testicular heat exposure induces germ cell apoptosis in a 
stage-specific and cell-specific fashion. Early (I-IV) and late 
(XII-XIV) stages are more sensitive to heat. We also dem- 
onstrated in that study that a combination of a single heat 
exposure with selective deprivation of gonadotropins and 
intratesticular T by GnRH antagonist treatment further re- 
sults in the activation of apoptosis at both hormone- and 
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FIG. 3. Representative light micrographs of stage VII tubules from control (A), heat-treated (B), T- treated (C), and T- plus heat-treated (D) rats. 
Testes were fixed by vascular perfusion with 5% glu tar aldehyde, postfixed in a 1% osmium- 1.25% potassium ferro-cyanide mixture, and 
embedded in Arialdite. T in combination with a single testicular heat exposure led to severe impairment of spermatogenesis (D). Note the marked 
reduction in the number of pachytene spermatocytes and step 7 spermatids and the complete absence of step 19 spermatids in the T-f heat group. 
Magnification, X250; scale bar, 0.05 mm. 



heat-sensitive stages (3). Thus, we hypothesized that the 
combination of these two proapoptotic signals (hormone 
deprivation and heat stress) may surpass the efficacy of each 
individual signal and result in a rapid and marked suppres- 
sion of spermatogenesis to complete azoospermia. Results 
obtained from the second experiment supported this hy- 
pothesis. Compared with individual apoptotic stimuli given 
alone (either heat or T treatment), T in combination with heat 
clearly resulted in marked suppression of spermatogenesis 
to almost azoospermia. The observed azoospermia most 
likely is attributed to increased germ cell apoptosis and their 
eventual phagocytosis by Sertoli cells. The reasons why T in 
combination with heat results in marked suppression of sper- 
matogenesis can be best explained as follows. Exogenous T 
(hit 1) suppresses LH and FSH levels, lowers intratesticular 
T levels, and allows apoptosis at a moderate rate to occur in 
the hormone-sensitive (VII-VIII) stages without affecting 
heat-sensitive stages (I-IV and XII-XIV). The addition of heat 



exposure (hit 2) to the testes with low intratesticular T levels 
induced by exogenous T administration results in marked 
acceleration of apoptosis at both hormone- and heat-sensitive 
stages, i.e. the window of protection seen with heat treatment 
alone had disappeared with prior hormone administration. 
Heat exposure accelerated the apoptosis caused by T treat- 
ment alone. In addition, we provided evidence indicating 
that the increased programmed germ cell death was inde- 
pendent of suppression of spermatogonia proliferation, as 
shown in this study and also demonstrated earlier in GnRH 
antagonist-treated or GnRH-immunized rats (13, 31, 32). This 
suggests that spermatogenesis inhibited by T in combination 
with heat will most likely attain full recovery after with- 
drawal of treatment. Unlike previous reports of combined 
treatment of T and estradiol in rats (28, 33), we did not 
observe sloughing of germ cells in the present study with T 
implants. This observation is consistent with our previous 
finding that no sloughing of germ cells occurred even after 



Downloaded from endo.endojournals.org by on December 16, 2009 



1422 COMBINATION OF TESTOSTERONE WITH HEAT y Jfndo . 2000 

TABLE 6. Effects of heat alone, testosterone alone, and testosterone plus heat on tubular diameter and on the volumetric composition of 
testis in rats 

Parameters Control Heat Testosterone Testosterone + 



Tubule diameter (/xm) 


285.5 




7.17" 


238.2 




4.04 b 


217.9 




2.26 c 


168.8 




1.42'' 


Vv% of testicular components 


























ST 


89.1 




1.09 a 


79.9 


-+- 


1.33° 


91.4 




0.23° 


82.9 




2.44° 


LU 


13.1 




0.49° 


7.58 




0.10 6 


10.7 




0.24 6 


7.77 




1.10" 


IT 


10.92 




1.08 a 


20.08 




1.33* 


8.58 




0.23° 


16.88 




2.22* 


LC 


3.57 




0.29 a 


3.79 


± 


0.29° 


1.46 


± 


0.12° 


2.09 




0.16* 


Vol/testis 


























ST (ml) 


1.31 


-f- 


0.03" 


0.77 




0.03* 


0.67 


-+- 


0.03' 


0.38 




o.or' 


LU (m.1) 


194.2 




10.68° 


73.2 




2.54" 


79.0 




4.09* 


36.2 




4.44 c 


IT (*d) 


162.0 


-*- 


17.46° 


199.0 


■+■ 


15.45° 


61.9 


-1- 


0.71 fc 


78.4 




13.33° 


LC (^1) 


52.95 




5.12° 


36.79 




3.72 6 


10.73 




0.91 r 


9.55 




0.46 c 



Values are the mean ± sem. ST, Seminiferous tubule; LU, tubular lumen; IT, interstitium; LC, Leydig cells. Vv%, volume density (which 
is the volume of a given testicular component per unit volume of the testis) expressed as a percentage of the testis. In each row, mean numbers 
with unlike superscripts are significantly different (P < 0.05). 
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C) Pachytene spermatocytes 
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Fig. 4. Effects of T, either alone or in combination with heat, on germ cell-Sertoli cell ratios in rats. C, Control; H, heat only; T, T only; T+H, 
T in combination with heat. No changes in numbers of spermatogonia (A) or preleptotene spermatocytes (B) were observed among the groups. 
Either heat or T alone could significantly reduce the numbers of pachytene spermatocytes (C) and round spermatids (D). Note the marked 
reduction in the number of pachytene spermatocytes and round spermatids at stages VII-VIII in the T+heat group compared with those in 
the other groups. 



4 weeks of GnRH antagonist treatment when the rat became 
completely azoospermia (2, 13). As expected (11), treatment 
with a low dose of T alone does not adequately withdraw the 
hormonal support, FSH in particular, required for optimum 



suppression of spermatogenesis. At present we are unable to 
determine the precise mechanism that causes the much 
greater proportional decrease in the level of LH compared 
with FSH after exogenous T administration. However, it is 
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Fig. 5. Representative example of TUNEL of apoptotic germ cells in T alone (A) or T+heat (B) groups. A, Stage VTI tubules from a T-treated 
rat for 6 weeks showing multiple apoptotic germ cells. B, Tubular profiles from a rat that received the combined treatment of T plus heat, showing 
marked regression of spermatogenesis. Note the marked decrease in tubule diameter and in the overall number of germ cells. A few remaining 
apoptotic germ cells can also be seen in these regressed tubules. Magnification, x250; scale bar, 0.05 mm. 



clear that the marked suppression of spermatogenesis in the 
heat- plus T-treated group is most likely not influenced by 
gonadotropins and intra testicular T, as these parameters are 
not different between the T and T+heat groups. 

The mechanisms by which these hormonal and nonhor- 
monal factors govern germ cell apoptosis are not well 
understood. It is likely that apoptosis will be regulated in 
a cell type-specific fashion, but the basic element of the 
death machinery may be universal. A distinct genetic path- 
way is apparently shared by all multicellular organisms 
(34). The Bcl-2 family of proteins, which contains both 
proapoptotic (such as Bax) and antiapoptotic (such as 
Bcl-2) family members, constitutes a central checkpoint 
within this pathway. Bcl-2 and Bax have also been impli- 
cated as potential modulators of germ cell apoptosis (35). 
It has been reported that some members of the Bcl-2 family 
are involved in apoptosis after withdrawal of androgen 
support of the testis after treatment with ethane dimeth- 
anesulfonate, a Leydig cell cytotoxin (36). The Fas system 
is also a widely recognized apoptosis signal transduction 
pathway in which a ligand-receptor interaction triggers 
the cell death pathway. This system has recently been 
implicated in the activation of germ cell apoptosis in re- 
sponse to a variety of proapoptotic stimuli, including tes- 
ticular hyperthermia and T withdrawal (37, 38). The 
present study did not address whether the same molecular 
mechanisms by which testicular hyperthermia or andro- 
gen withdrawal induces germ cell apoptosis are involved. 
Ongoing additional studies will elucidate the roles of Bax, 
Bcl-2, Fas, Fas ligand, and caspases in germ cell apoptosis 
triggered by these hormonal and nonhormonal regulatory 
stimuli. 

These studies of the induction of germ cell apoptosis in rats 
are very likely applicable to humans. We and others have 
also demonstrated that spontaneous loss of germ cells occurs 
by apoptosis in adult human testis (39, 40). Other data sug- 
gesting a role for intratesticular T in suppressing apoptosis 



in the human testes include the following: cessation of hCG 
treatment for cryptorchidism in prepubertal life increases 
apoptosis in the human testis (41); T regulates apoptosis in 
adult human seminiferous tubules in vitro (42); and apoptotic 
germ cells are present in testes from patients with prostate 
cancer who received short term antiandrogen treatment (43). 
Heat has long been recognized as a risk factor responsible for 
decreased sperm counts in men. Efforts have been made to 
harness these effects as an antifertility measure. Unfortu- 
nately, the effects have been incomplete or transient. Our 
group showed that an increase in human scrotal temperature 
of 0.8-1 C induced by polyester-lined athletic supports is 
insufficient to cause significant suppression of spermatogen- 
esis or alteration of sperm function (44). We believe that this 
is due to failure to attain the critical (43 C) testicular tem- 
perature (45, 46) and the maintenance of normal or near- 
normal levels of intratesticular T after heat exposure. Based 
on the data provided from this study, in which administra- 
tion of a low dose of T (hit 1) in combination with testicular 
warming (hit 2) rapidly suppresses spermatogenesis in rats, 
we postulate that the combination of hormone deprivation 
and heat could be applied as an induction strategy in the 
human. The advantages of this combination will be 1) short- 
ening the duration of onset of suppression of spermatogen- 
esis, resulting in azoospermia; and 2) lowering the dosage of 
T and diminishing the potential adverse effects of higher 
doses of T administration on prostate. In addition, the con- 
cept of a two-hit strategy will undoubtedly lead to funda- 
mental studies of the mechanisms responsible for the induc- 
tion of germ cell apoptosis by distinct pathways. This, in turn, 
will allow targeting of these pathways by pharmacological 
means to result in more rapid and complete azoospermia. 
Thus, this concept of the additive or synergistic effects of two 
distinct stimuli inducing germ cell apoptosis probably by 
different molecular cascades may have important applica- 
tions for male contraceptive development. 



Downloaded from endo.endojournals.org by on December 16, 2009 



1424 COMBINATION OF TESTOSTERONE WITH HEAT 



Acknowledgments 

We thank our students Yen H. Nguyen, J. Park, A. Casillas, L. Bono, 
J. Chu, and j. Uy from the Harbor- University of California-Los Angeles 
Summer Students Program and Dr. D. Vernet from the Division of 
Endocrinology, Harbor-University of California -Los Angeles Research 
and Education Institute for their help in testicular perfusion and detec- 
tion of apoptosis by TUNEL assay. We also thank Elizabeth Flores for 
her help in the preparation of this manuscript. 

References 

1. Sinha Hikim AP, Wang C, Leung A, Swerdloff RS 1995 Involvement of 
apoptosis in the induction of germ cell degeneration in adult rats after go- 
nadotropin releasing hormone antagonist treatment. Endocrinology 
136:2770-2775 

2. Sinha Hikim AP, Rajavashisth TB, Sinha Hikim I, Lue YH, Bonavera JJ, 
Leung A, Wang C, Swerdloff RS 1997 Significance of apoptosis in the temporal 
and stage-specific loss of germ cells in the adult rat after gonadotropin de- 
privation. Biol Reprod 57:1193-1201 

3. Lue YH, Sinha Hikim AP, Swerdloff RS, Im P, Khay ST, Bui T, Leung A, 
Wang C 1999 Single exposure to heat induces stage-specific germ cell apoptosis 
in rats: role of intra testicular testosterone on stage specificity. Endocrinology 
140:1709-1717 

3a. Setchell BP 1998 Heat and the testis. J Reprod Fertil 114:179-194 

4. WHO Task Force on Methods for the Regulation of Male Fertility 1990 
Contraceptive efficacv of testosterone- induced azoospermia in normal men. 
Lancet 336:955-959 

5 Handelsman D), Farley TMM, Peregoudov A, Waites GMH, WHO Task 
Force on Methods for the Regulation of Male Fertility 1995 Factors in non- 
uniform induction of azoospermia by testosterone enanthate in normal men. 
Fertil Steril 63:125-133 

6. Wu FCW, Farley TMM, Peregoudov A, Waites GMH, WHO Task Force on 
Methods for the Regulation of Male Fertility 1996 Effects of testosterone 
enanthate in normal men: experience from a multicenter contraceptive efficacy 
study. Fertil Steril 65:626 - 636 

7. Swerdloff RS, Bagatell CJ, Wang C, Anawalt BD, Steiner B, Berman N, 
Bremner WJ 1998 Suppression of spermatogenesis in man induced by Nal-Glu 
gonadotropin releasing hormone antagonist and testosterone enanthate is 
maintained by testosterone enanthate alone. J Clin Endocrinol Metab 
83:3527-3533 

8. Wang C, Swerdloff RS 1999 Male contraception in the 21 M century. In: Wang 
C (cds) Male Reproductive Function. Kluwer, Boston, pp 303-319 

9. Bebb RA, Anawalt BD, Christiansen RB, Paulsen CA, Bremner WJ, Matsu- 
moto AM 1996 Combined administration of levonorgestrel and testosterone 
induces more rapid and effective suppression of spermatogenesis than tes- 
tosterone alone: a promising male contraceptive approach. J Clin Endocrinol 
Metab 81:757-762 

10. Zirkin BR, Santulli R, Awoniyi CA, Ewing LL 1989 Maintenance of advanced 
spermatogenic cells in the adult rat testis: quantitative relationship to testos- 
terone concentration within the testis. Endocrinology 124:3043-3049 

11. Sun YT, Irby DC, Robertson DM, De Kretser DM 1989 The effects of exog- 
enously administered testosterone on spermatogenesis in intact and hypoph- 
yscctomized rats. Endocrinology 125:1000-1010 

12. Stratton LG, Ewing LL, Desjardins C 1973 Efficacy of testosterone-filled 
polymethylsiloxane implants in maintaining plasma testosterone in rabbits. J 
Reprod Fertil 35:235-244 

13. Sinha Hikim AP, Swerdloff RS 1993 Temporal and stage-specific changes in 
spermatogenesis of rat after gonadotropin deprivation by a potent gonado- 
tropin-releasing hormone antagonist treatment. Endocrinology 133:2161-2170 

14. Lue YH, Sinha Hikim AP, Wang C, Leung A, Baravarian S, Reutrakul V, 
Sangsawan R, Chaichana S, Swerdloff RS 1998 Triptolide: a potential male 
contraceptive. J Androl 19:479 - 486 

15. Amann RP, Lambiase Jr JT 1968 The male rabbit. III. Determination of daily 
sperm production by means of testicular homogenates. J Anim Sci 28:369-374 

16. Wang C, Leung A, Sinha Hikim AP 1993 Reproductive aging in the male BN 
rat: a model for the human. Endocrinology 133:2772-2781 

17. Haavisto A-M, Pettersson D, Bergendahl M, Perheentupa A, Roser IF, Hu- 
htaniemi I 1993 A supersensitive immunoflurometric assay to rat luteinizing 
hormone. Endocrinology 132:1687-1691 

18. Sinha Hikim AP, Lue YH, Swerdloff RS 1997 Separation of germ cell apo- 
ptosis from toxin induced cell death by necrosis using in situ end-labeling 
histochemistry after glutaraldehyde fixation. Tissues Cell 29:487-493 

19. Lue YH, Sinha Hikim AP, Wang C, Bonavera JJ, Baravarian S, Leung A, 
Swerdloff RS 1997 Early effect of vasectomy on testicular structure and on 
germ cell and macrophage apoptosis. J Androl 18:166-173 

20. Russell LD, Clermont Y 1977 Degeneration of germ cells in normal, hypoph- 



ysectomized and hormone- treated hypophyscctomized rats. Anat Roc 
187:347-366 

21. McLachlan RI, Wreford NG, O'Donnell L, de Kretser DM, Robertson DM 

1996 The endocrine regulation of spermatogenesis: independent roles for tes- 
tosterone and FSH. J Endocrinol 148:1-9 

22. Kerr JB, Millar M, Maddocks S, Sharpe RM 1993 Stage-dependent changes 
in spermatogenesis and Sertoli cells in relation to the onset of spermatogenic 
failure following withdrawal of testosterone. Anat Rec 235:547-559 

23. Russell LD, Ettlin RA, Sinha Hikim AP, Clegg ED 1990 Histological and 
Histopathological Evaluation of the Testis. Cache River Press, Clearwater 

24. Swerdloff RS, Walsh PC 1973 Testosterone and oestradiol suppression of LH 
and FSH in adult male rats: duration of castration, duration of treatment and 
combined treatment. Acta Endocrinol (Copenh) 73:11-12 

25. Walsh PC, Swerdloff RS 1973 Biphasic effect of testosterone on spermato- 
genesis in the rat. Invest Urol 11:190-193 

26. Robraire B, Ewing LL, Irby DC, Desjardins C 1979 Interactions of testosterone 
and estradiol-170 on the reproductive tract of the male rat. Biol Reprod 
21:455-463 

27. Sun YT, Wreford NG, Robertson DM, de Kretser DM 1990 Quantitative 
cytological studies of spermatogenesis in intact and hypophyscctomized rats: 
identification of androgen-dependent stages. Endocrinology 127:1215-1223 

28. McLachlan RI, Wreford NG, Meachem SJ, de Kretser DM, Robertson DM 
1994 Effects of testosterone on spermatogenic cell populations in the adult rat. 
Biol Reprod 51:945-955 

29. Sharpe RM 1990 Regulation of spermatogenesis. In: Knoll E, Neil JD (eds) The 
Physiology of Reproduction. Raven Press, New York, pp 1363-1434 

30. Bremner WJ, Millar MR, Sharpe RM, Saunders PTK 1994 Immunohisto- 
chemical localization of androgen receptors in the rat testis: evidence for 
stage-dependent expression and regulation by androgens. Endocrinology 
135:1227-1234 

31. Sinha Hikim AP, Swerdloff RS 1995 Temporal and stage-specific effects of 
recombinant human follicle-stimulating hormone on the maintenance of sper- 
matogenesis in gonadotrop in-releasing hormone antagonist-treated rat. En- 
docrinology 136:253-261 

32. McLachlan RI, Wreford NG, de Kretser DM, Robertson DM 1995 The effects 
of recombinant follicle-stimulating hormone on the restoration of spermato- 
genesis in the gonadotropin-releasing hormone-immunized adult rat. Endo- 
crinology 136:4035-4043 

33. O'Donnell L, McLachlan RI, Wreford NG, de Kretser DM, Robertson DM 
1996 Testosterone withdrawal promotes stage-specific detachment of round 
spermatids from the rat seminiferous epithelium. Biol Reprod 55:895-901 

34. Vaux DL, Korsmeyer SJ 1999 Cell death in development. Cell 96:245-254 

35. Knudson CM, Korsmeyer SJ 1997 Bcl-2 and Bax function independently to 
regulate cell death. Nat Genet 16:358-363 

36. Woolveridge I, de Boer-Brouwer M, Taylor MF, Teerds KJ, Wu FCW, Morris 
ID 1999 Apoptosis in the rat spermatogenic epithelium following androgen 
withdrawal: changes in apoptosis-related genes. Biol Reprod 60:461-470 

37. Nandi S, Banerjee PP, Zirkin BR 1999 Germ cell apoptosis in the testes of 
Sprague Dawley rats following testosterone withdrawal by ethane 1,2-dimeth- 
anesulfonate administration: relationship to Fas? Biol Reprod 61:70-75 

38. Lee J, Richburg JH, Shipp EB, Meistrich ML, Boekelheide K 1999 The Fas 
system, a regulator of testicular germ cell apoptosis, is differentially up-reg- 
ulated in Sertoli cell versus germ cell injury of the testis. Endocrinology 
140:852-858 

39. Brinkworth MH, Weinbauer GF, Bergmann M, Nieschlag E 1997 Apoptosis 
as a mechanism of germ cell loss in elderly men. Int J Androl 20:222-228 

40. Sinha Hikim AP, Wang C, Lue YH, Johnson L, Wang XH, Swerdloff RS 1998 
Spontaneous germ cell apoptosis in humans: evidence for ethnic differences in 
the susceptibility of germ cells to programmed cell death. J Clin Endocrinol 
Metab 83:152-156 

41. Heiskanen P, Billig H, Toppari J, Kaleva M, Arsalo A, Rapola J, Dunkel J 

1996 Apoptotic cell death in the normal and cryptorchid human testis: the effect 
of human chorionic gonadotropin on testicular cell survival. Pediatr Res 
40:351-356 

42. Krkkila K, Henriksen K, Hirvonen V, Rannikko S, Salo J, Parvinen M, 
Dunkel L 1997 Testosterone regulates apoptosis in adult human seminiferous 
tubules in vitro. J Clin Endocrinol Metab 82:2314-2321 

43. Woolveridge I, Bryden AAG, Taylor MF, George NJR, Morris ID 1998 Ap- 
optosis and expression of apoptotic regulators in the human testis following 
short- and long-term anti-androgen treatment. Mol Hum Reprod 4:701-707 

44. Wang C, McDonald V, Leung A, Superlano L, Berman N, Hull L, Swerdloff 
RS 1997 Effect of increased scrotal temperature on sperm production in normal 
men. Fertil Steril 68:334-339 

45. Mieusset R, Bujan L 1995 Testicular heating and its possible contributions to 
male infertility: a review. Int J Androl 18:169-184 

46. Rock J, Robinson D 1965 Effect of induced intrascrotal hyperthermia on 
testicular function in man. Am J Obstet Gynecol 93:793-801 



Downloaded from endo.endojournals.org by on December 16, 2009 



Journal of Pathology 

J Pathol 200 1 ; 193: 361-366 
DOI: 10.1002/1096-9896(00' 



9 : 9999 < : : AID -PATH 803 > 3.0.CO;2-W 



Original Paper 

Localization of androgen receptor expression in human 
bone marrow 

Athanasios Mantalaris' 1 ", Nicki Panoskaltsis 2 * Yasuyuki Sakai ,§ , Patricia Bourne 3 , Chawnshang Chang 3 , 
Edward M. Messing 4 and J. H. David Wu'* 

1 Department of Chemical Engineering, University of Rochester, Rochester, NY 14627-0166, USA 

2 Department of Medicine. Hematoiogy/Oncology Unit University of Rochester. Rochester. NY 14642. USA 

3 Department of Pathology & Laboratory Medicine, University of Rochester. Rochester, NY 14642, USA 

4 Department of Urology. University of Rochester. Rochester. NY 14642, USA 



* Correspondence to: 

J. H. David Wu, Ph.D. Depart- 
ment of Chemical Engineering, 
Gavett Hall. Room 206. 
University of Rochester. Rochester. 
NY 14627-0166. USA. 
E-mail: 

davidwu@che.rochester.edu 

* Current address: Department 
of Chemical Engineering and 
Chemical Technology, Imperial 
College of Science. Technology 
and Medicine, Prince Consort 
Road London SW7 28>Y, UK 

* Current address: Imperial College 
School of Medicine at Nortliwick 
Park Institute for Medical 
Research, Level 7W, Watford 
Road. Harrow HA I 3UJ. UK 
^Current address: Institute of 
Industrial Science, University 
of Tokyo, 7-22-1 Roppongi, 
Minato-ku, Tokyo 106. Japan 



Abstract 

Androgens have been shown to modulate the haematopoietic and immune systems and have been 
used clinically for stimulating haematopoiesis in bone marrow failure conditions. To identify the 
bone marrow cell types as potential targets of androgens, an androgen receptor (AR)-spccific 
antibody was used to localize the AR in normal human bone marrow biopsies. The results show 
that AR was ubiquitously expressed in the bone marrow of both males and females. Furthermore, 
the AR expression pattern did not change with age. Stromal cells, macrophages, endothelial cells, 
myeloblasts, myelocytes, neutrophils, and megakaryocytes expressed AR. In contrast, AR was not 
detected in the lymphoid and erythroid cells, or in eosinophils. These results indicate that 
androgens may exert direct modulating effects on a wide spectrum of bone marrow cell types via 
AR-mediated responses. Copyright © 2000 John Wiley & Sons, Ltd. 
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Introduction 

The androgen receptor (AR) is a member of the 
nuclear receptor superfamily [1]. It acts as a transcrip- 
tion factor for a variety of genes by binding to an 
androgen response element (ARE). The AR is acti- 
vated by testosterone or 5a-dihydrotestosterone (5a- 
DHT) [2]. A variety of factors, including androgens, 
have been implicated in modulating AR expression 
during fetal development, sexual maturation, ageing, 
and malignant transformation. In many tissues, AR 
expression is down-regulated by androgens. In con- 
trast, androgens up-regulate AR expression in other 
cell types, such as osteoblasts [3]. 

Before the recombinant haematopoietic growth 
factors became available, androgens were the main 
pharmacological agents for stimulating erythropoiesis. 
Their erythropoietic activity primarily involves the 

Copyright © 2000 John Wiley & Sons. Ltd. 



stimulation of renal production of erythropoietin 
(Epo) [4]. Furthermore, clinical observations indicate 
that other effects also occur. For example, in some 
aplastic anaemia patients treated with androgens, 
resolution of anaemia is accompanied by granulocyte 
and platelet count improvement [5]. Androgens also 
have direct stimulatory effects on the pluripotent stem 
cell, as demonstrated by the improved recovery of 
haematopoiesis in irradiated mice given testosterone [6], 
AR expression has been demonstrated in many 
tissues. Male sexual organs show strongly positive 
staining for AR, whereas other tissues, including 
hepatic, thyroid, pancreatic, gastrointestinal, renal, 
neuronal, muscular, and female reproductive organs, 
have weak, albeit positive, nuclear staining [2,7,8]. The 
only tissue that does not stain for AR is the spleen [2]. 
The expression of AR in bone and bone marrow 
endothelial [9] and mononuclear cells [10,11] has been 



362 




demonstrated. AR is also present at low densities in 
osteoblasts [12] and in the nuclei and the perinuclear 
area of mouse osteoclast-like cells [13]. In addition, AR 
has been found in immature murine B cell lines, 
marrow stromal cell lines [11], and human macro- 
phage-like synoviocytes [14]. More recently, human 
megakaryocytes and platelets have been shown to 
contain AR, which was regulated by testosterone [15]. 
Finally, ligand-binding assays have shown the presence 
of a receptor in erythroblasts that has the physiochem- 
ical characteristics usually attributed to AR [4,16]. 

To support the evidence for direct action of 
androgens on bone marrow, we used a polyclonal 
antibody preparation specific to the human AR to 
localize AR in human bone marrow in situ. Further- 
more, although normal ageing in the male is accom- 
panied by a decline in the serum levels of testosterone 
[17], little is known as to how this decline might affect 
androgen-target organs. To determine whether AR 
expression decreases with age, we also examined 
different age groups. 

Materials and methods 

Human tissues 

Preserved bone marrow biopsies of individuals with 
normal bone marrow pathological review were 
obtained from the surgical pathology files at the 
University of Rochester Medical Center. A total of 25 
cases were examined (9 females and 16 males). The 
ages of the individuals ranged from 18 months to 92 
years. Sections of prostate, lymph node, tonsil, and 
bone marrow were used as positive controls and bone 
marrow as negative controls. 

Antibodies and reagents 
Primary antibodies 

Immunolocalization of AR was performed using a 
specific rabbit polyclonal antibody (NH27). This anti- 
body has been characterized for its specificity [18-20]. 
It does not cross-react with oestrogen, progesterone, or 
glucocorticoid receptors. Endothelial cells were immu- 
nolocalized using a rabbit polyclonal antibody against 
human Factor VHI-related antigen (DPC, Los 
Angeles, CA, USA) and a mouse monoclonal antibody 
(MAb) against human CD31 (DAKO, Carpinteria, 
CA, USA). The latter antibody was also used for the 
immunolocalization of megakaryocytes. Macrophages 
were identified using a mouse MAb against human 
CD68 (DAKO). A mouse MAb against human 
glycophorin A (GP-A; DAKO) was used for identify- 
ing erythroid cells. Myeloid cells were identified by a 
mouse MAb against human CD33 (DAKO). Finally, 
stromal cells were immunolocalized by a mouse anti- 
human vimentin MAb (a generous gift of DPC). 

Secondary antibodies 

A biotinylated goat anti-rabbit IgG antibody (DPC or 
Vector Laboratories, Burlingame, CA, USA) was used 

Copyright © 2000 John Wiley & Sons. Ltd. 
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as the secondary antibody for the polyclonal NH27 
antibody and the polyclonal antibody against human 
Factor Vlll-related antigen. A biotinylated horse anti- 
mouse IgG antibody (Vector Laboratories) was used as 
the secondary antibody for the anti-CD31, anti-CD68, 
anti-CD33, and anti-GP-A MAbs, and a biotinylated 
rabbit anti-mouse IgG antibody (DPC) was used for 
the anti-vimentin MAb. 

Reagents 

Horseradish peroxidase (HRP)-labelled streptavidin 
(DPC or Jackson, Westgrove, PA, USA) was used to 
detect the biotinylated secondary antibodies. 

Immunohistochemistry 

Bone marrow biopsies were decalcified, formal in- fixed, 
paraffin-embedded, and serially cut at 4-5 um thick- 
ness. Endogenous peroxidase was quenched with 3% 
hydrogen peroxide for 6 min, followed by a phosphate 
buffer (pH 7.4) rinse. Depending on the primary 
antibody type, the thin sections (a) were pepsin- 
treated (anti-CD68 and anti-human Factor VIII- 
related antigen) for 15 min with 0.16 g/1 pepsin 
(Sigma, St. Louis, MO, USA) in 0.1 n HC1; or (b) 
underwent antigen unmasking with heat retrieval 
(NH27, anti-CD31, anti-CD33, anti-GP-A, and anti- 
vimentin) for 30 min immersed in a citrate buffer 
(pH 6.0) in a microwave pressure cooker at a high 
power setting. Non-specific binding was prevented by 
incubation with a suppressor (normal horse or normal 
rabbit sera for monoclonal primary antibodies and 
normal goat serum for polyclonal primary antibodies) 
for 15 min. The appropriately diluted primary anti- 
body (I : 500 for NH27, 1 : 25 for anti-CD31, 1 : 100 for 
anti-CD68, 1 : 25 for anti-CD33, 1 : 25 for anti-GP-A, 
and prediluted anti-vimentin and anti-human Factor 
Vlll-related antigen) was applied and the slides were 
incubated at room temperature for 1 h (the NH27 
antibody was incubated at 37°C) in a humid chamber, 
followed by incubation with the appropriate secondary 
antibody (titrated according to the manufacturer's 
instructions) for 30 min at room temperature. Finally, 
the slides were incubated with streptavidin-HRP 
(titrated according to the manufacturer's instructions) 
for 30 min at room temperature in the humid chamber. 
Peroxidase activity was localized with a 5 min incuba- 
tion with 3-amino-9-ethylcarbazole (AEC; ScyTek, 
UT, USA), yielding red-brown staining. The slides 
were counterstained in Mayer's haematoxylin and 
eosin (H&E) and blued with 0.3% ammonia water. 
Photographs were taken using a microscope (Zeiss, 
Thornwood, NY, USA). 

Negative controls were carried out by following the 
same protocol with the exclusion of the primary 
antibody incubation step. 

Histological staining 

Paraffin thin sections of the bone marrow biopsies 
were stained with Mayer's H&E (Sigma) for character- 
izing cell morphology. 

JPotho/2001; 193: 361-366. 



Androgen receptor expression in bone marrow 




363 



o 
a 
E 

CO 

(0 



XI 

E 



Female 
Male 



o €3 mo 



COD CDOO 



0 10 20 30 40 50 60 70 80 90 100 

Age (Years) 

Figure I . Sex and age distribution of the bone marrow biopsies 
used in this work (age I -92 years; n = 25, 16 males and 9 
females) 

Evaluation of specimens 

Bone marrow biopsy slides were evaluated by three 
individuals. A consensus was obtained on morpholo- 
gical features, cell types, and AR staining. 



Results 

Bone marrow biopsies of 25 individuals with reported 
normal bone marrow on regular pathological review 
were examined. Sixteen of the biopsies were from 
males (7-92 years old) and nine from females (18 
months to 77 years old), as shown in Figure 1. 

The AR expression in human bone marrow was 
ubiquitous and extensive (Figure 2a). Both stromal and 
haematopoietic cells stained positively for AR, con- 
firming previous reports [9]. Furthermore, AR was 
detected in the nucleus and the cytoplasm. There were 
no noticeable differences in the expression of AR 
between males and females. In addition, the AR 
expression pattern and uniformity did not appear to 
change with age, although cellularity did decrease in 
older individuals, as expected. 

Focusing on bone marrow stroma, we confirmed AR 
expression in the stromal cells (Figure 2b), macro- 
phages (Table 1), and endothelial cells (Figure 2c). AR 
expression in these cell types was localized mainly to 
the nucleus. In the haematopoietic compartment, AR 
was predominantly and highly expressed in neutrophils 
(Figure 2d). Both band and segmented neutrophils 
expressed high levels of nuclear and cytoplasmic AR. 
In contrast, nucleated erythroid cells (Figure 2d) and 
mature, enucleated red blood cells (Figures 2f and 2g) 
did not express AR. 

Myelocytes and myeloblasts also expressed AR. In 
myelocytes, AR was mainly localized in the cytoplasm 
and showed perinuclear dot staining, morphologically 
similar to the expected location of the Golgi apparatus 
(Figure 2e). Similarly, myeloblasts expressed AR in 



their cytoplasm (Table 1), but without the perinuclear 
dot staining. Weak perinuclear dot AR staining was 
observed in megakaryocytes (Figure 2f), but AR was 
not localized in the nucleus. Eosinophils did not 
express AR (Figure 2g). The presence of AR in 
basophils could not be determined (Table 1). Finally, 
lymphoid cells, both lymphoblasts and mature lym- 
phocytes, did not appear to express AR. Figure 2h 
shows a benign lymphoid nodule that lacks AR 
expression. Table 1 summarizes the results of AR 
expression for the different cell types. In the negative 
controls, in which the primary antibodies were 
omitted, no staining was observed, whereas in positive 
controls (using the prostate, tonsil, lymph node, and 
bone marrow sections), the immunoreactivity of the 
antibodies used was confirmed. 



Discussion 

Our results demonstrate that AR expression is ubiqui- 
tous and extensive in the bone marrow of both males 
and females of all ages. This provides further evidence 
for the direct action of androgens on bone marrow and 
offers clues to clinicopathological correlates. 

Testosterone levels in males are higher than in 
females (approximately ten times) [5]. Interestingly, 
we observed no noticeable differences in AR expres- 
sion between males and females, suggesting that AR is 
able to mediate the direct effects of androgens on 
haematopoiesis in both sexes. Furthermore, although 
normal ageing in males is accompanied by a decline in 
the serum levels of testosterone, AR expression in bone 
marrow did not appear to decrease with age, in 
contrast to an age-dependent decline in the AR 
expression in rat liver [21]. This observation has 
potentially significant clinical implications, not only 
for the therapy of cytopenic conditions, but also for 
the mechanism of marrow failure states in all ages. 

Androgens have been shown to regulate skeletal 
metabolism. In men and experimental animals, orchi- 
dectomy results in a rapid increase in the rate of bone 
remodelling and progressive bone loss. Osteoblasts 
have been reported to express the AR and exposure to 
androgens increases the steady-state AR mRNA levels 
[3]. AR expression in osteoclasts has been controver- 
sial. The presence of AR in mouse osteoclast-like cells 
in vitro has been reported [13], whereas AR expression 
in human osteoclasts has not been observed [9]. The 
androgen regulation of osteoclastogenesis and bone 
mass may be partially due to the indirect action of 
androgen via interleukin-6 (IL-6) [22]. Both stromal 
and osteoblastic cells produce IL-6. The action of 
androgens on osteoclasts may, therefore, be mediated 
indirectly through the interactions between the stromal 
cells and osteoclasts in bone marrow. The expression 
of AR in bone marrow stromal cells and endothelial 
cells was demonstrated in our work and is consistent 
with observations from others [9]. 
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Figure 2. Localization of the AR in formalin-fixed, paraffin-embedded thin sections from bone marrow biopsies of normal 
specimens. Panel a shows the ubiquitous expression of AR in bone marrow (47-year-old female). Both nuclear and cytoplasmic 
staining was observed. AR expression did not show any significant deviation with age or sex. Panel b shows the expression of AR in 
the stromal cells (53-year-old male). AR was localized mainly in the nuclei of stromal cells (arrow-heads). Panel c illustrates the AR 
expression by endothelial cells lining the walls of a blood vessel (49-year-old male). Panel d shows that AR was predominantly and 
strongly expressed in neutrophils (24-year-old male). Both band neutrophils (arrow-head) and segmented neutrophils (double arrow) 
expressed nuclear and cytoplasmic AR. In contrast, the nucleated red blood cells (arrow) did not express the receptor. Panel e 
shows the AR expression in metamyelocytes (7-year-old male). Perinuclear dot staining was observed (arrow-heads). In panel f, AR 
was not expressed in enucleated red blood cells (arrow-head). Megakaryocytes (arrow) stained weakly for AR (7-year-old male) 
exhibiting perinuclear dot positivity. Panel g shows that eosinophils (arrow-head) and enucleated red blood cells (arrow) did not 
express the receptor (24-year-old male). In panel h, AR was not expressed in lymphocytes (arrow), as shown in a benign lymphoid 
aggregate. The presence of a blood vessel (arrow-head) is denoted by AR staining (47-year-old female) 

Clinical and experimental evidence supports a role of effects of exogenous androgens on the thymus size 
steroid hormones in modulating immune function. The suggest a role of androgenic hormones in thymocyte 
presence of AR in thymocytes and the well-described growth and maturation [23]. Similarly, castration of 
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in bone marrow 



Table I . Summary of AR expression in the bone marrow 
mononuclear cells 



Cell type 


AR positivity 1 


Myeloid 




Myeloblasts 


+ 






Band neutrophils 


+ + 


Segmented neutrophils 


+ + 


Basophils 


nd 


Eosinophils 




Macrophages 


4- 


Megakaryocytes 




Lymphoid 




Erythroid 




Mature enucleated 




Nucleated 




Stromal cells 


+ 


Endothelial cells 


+ 



1 + indicates staining: + + indicates strong staining; - indicates the 
absence of staining: indicates perinuclear dot staining; nd — not 
determined. 



normal mice leads to splenic enlargement and expan- 
sion of the B-cell population [13], despite splenocytes 
not expressing AR. Our results indicate that lymphoid 
cells in bone marrow also do not stain for AR. Our 
observation agrees in general with the work of other 
groups. However, Viselli et al. have shown the presence 
of AR in a murine pre-B-cell line by immunoblotting 
[11]. This may be due to differences between species, 
although our results do not exclude the possibility of 
AR expression in immature B-lymphocytes. The 
expression of AR may therefore be developmentally 
regulated, as it has been hypothesized that androgens 
act on developing cells and do not target mature T- or 
B-lymphocytes [24]. Moreover, the AR expression in 
stromal cells supports the possibility of an indirect 
hormonal modulation of B-cell maturation. 

Studies have shown that androgens inhibit and 
oestrogens stimulate macrophage formation in vitro 
[25]. Our observation that AR is expressed in macro- 
phages may therefore explain the greater immune 
responsiveness and higher incidence of autoimmune 
disease in females, if one takes into account that 
macrophages are antigen-presenting cells. 

Although there are conflicting reports on the role of 
androgens in erythropoiesis, the consensus is that 
different testosterone metabolites appear to be active 
in different target cells. The 5ft metabolites (5/?-DHT 
and etiocholanoione) act directly on the stem cells 
(including progenitors) while 5a derivatives (5a-DHT) 
increase erythropoietin levels [4-6,16,26]. As such, the 
absence of AR expression in mature red blood cells 
and nucleated erythroid cells, as shown in our study, is 
consistent with the overall scheme of androgenic action 
in erythropoiesis. Furthermore, several studies have 
indicated the presence of a 5/? receptor in erythroid 
precursors [4,16]. 

Copyright © 2000 John Wiley & Sons, Ltd. 




365 



Clinical observations indicate that androgens have a 
multitude of effects on haematopoiesis. In some 
patients with aplastic anaemia, after treatment with 
androgens, resolution of anaemia is accompanied by 
granulocyte count improvement [5]. Granulocytic 
recovery is preceded by an increase in myeloid 
precursor cells, CFU-GM (colony-forming unit - 
granulocyte, macrophage), suggesting that androgens 
induce the pluripotent stem cell to proliferate and 
increase the committed cell compartment. Further- 
more, human CD34-positive cells have been reported 
to express AR by RT-PCR analysis [15]. These data 
agree with our observation that AR was predomi- 
nantly and strongly expressed in neutrophils, including 
band and segmented neutrophils, which express both 
nuclear and cytoplasmic AR. In myelocytes, AR was 
mainly localized to the cytoplasm and showed peri- 
nuclear dot staining. Similarly, myeloblasts expressed 
the receptor in their cytoplasm, but without the 
perinuclear dot staining. The nuclear and cytoplasmic 
distribution of AR appears, therefore, to be differ- 
entiation-stage specific. In conclusion, our observations 
suggest a direct effect of androgens on myeloid 
progenitor and precursor cells, as well as neutrophils. 
In contrast, eosinophils did not express AR. 

Our results show that megakaryocytes had weak 
perinuclear dot AR staining. These findings agree with 
a recent report indicating that human megakaryocytes 
and platelets contain the AR [15] and with clinical 
observations regarding accelerated platelet count 
recovery in women treated with androgens after 
cytotoxic drug treatment [5]. 

In summary, the data presented in this work indicate 
the extensive role of androgens in haematopoiesis and 
the need to examine not only AR expression in the 
disease state, but also clinicopathological correlates of 
androgen levels in health and disease. 
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Prostate cancers (PCa) that relapse after androgen 
deprivation therapy invariably express high levels of 
androgen receptor (AR) and AR-regulated genes. Most 
do not respond to secondary hormonal therapies, in- 
cluding AR antagonists, and the mechanisms of AR ac- 
tivation in these clinically androgen-independent tu- 
mors are unclear. Bicalutamide, the most widely used 
AR antagonist, is a competitive antagonist shown previ- 
ously to stabilize AR association with cytosolic heat 
shock protein complexes. This study found nuclear AR 
expression in bicalutamide-treated androgen-indepen- 
dent PCa and found that bicalutamide could stimulate 
AR nuclear translocation. Moreover, specific DNA bind- 
ing by the bicalutamide-liganded AR was demonstrated 
in vivo using a VP16-AR fusion protein and was con- 
firmed by chromatin immunoprecipitation showing 
binding to the prostate-specific antigen enhancer in LN- 
CaP PCa cells. Nonetheless, bicalutamide could not 
stimulate interactions between the AR N and C termini 
or recruitment of steroid receptor coactivator proteins 
(SRC-1 or -2), although SRC transfection augmented AR 
activity in the presence of dihydrotestosterone and in- 
hibitory concentrations of bicalutamide. These results 
demonstrate that bicalutamide stimulates the assembly 
of a transcriptionally inactive AR on DNA and support 
altered coactivator (or corepressor) expression as a 
mechanism of bicalutamide-resistant androgen-inde- 
pendent PCa. 



The majority of prostate cancers (PCa) 1 are androgen-de- 
pendent and respond to androgen deprivation therapies, which 
include orchiectomy or administration of leutinizing hormone- 
releasing hormone agonists to suppress testicular androgen 
production (1). The effects of androgens on the normal prostate 
and PCa are mediated by binding to the androgen receptor 
(AR), a steroid hormone receptor member of the larger nuclear 
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receptor superfamily (2). Unfortunately, patients receiving an- 
drogen deprivation therapies invariably relapse with PCa that 
tends to be aggressive. In some cases, these relapsed tumors 
respond to secondary hormonal therapy or chemotherapy, but 
these responses are generally partial and transient, and no 
current therapies have been shown to prolong survival at this 
stage. Therefore, these prostate cancers that relapse after an- 
drogen deprivation therapy have been termed hormone refrac- 
tory or androgen-independent and represent a major clinical 
challenge in PCa (3-5). 

Although these relapsed cancers are clinically androgen-in- 
dependent, many lines of evidence indicate that the AR re- 
mains active and may contribute to their androgen-indepen- 
dent growth. Immunohistochemical data show that the AR is 
highly expressed by most androgen-independent PCa (6, 7). 
Moreover, the AR appears to be transcriptionally active as 
most androgen-independent tumors express AR-regulated 
genes such as prostate- specific antigen (PSA). Consistent with 
these observations, AR mRNA appears to be increased in an- 
drogen-independent PCa, and the AR gene is amplified in 
—30% of cases (8, 9). These findings have suggested that AR 
expression is increased in response to androgen deprivation 
therapy to enhance activation by residual androgens, in par- 
ticular weak adrenal-derived androgens that can be converted 
to testosterone and dihydrotestosterone (DHT). Consistent 
with this hypothesis, some androgen-independent PCa patients 
respond to secondary hormonal agents that antagonize adrenal 
hormone production or to AR antagonists that directly block 
androgen binding to the AR (10, 11). However, these responses 
to further AR blockade in androgen-independent PCa occur in 
a minority of patients and are generally transient. 

An alternative mechanism proposed to explain AR activity in 
androgen-independent PCa is AR mutations that result in con- 
stitutive activity or enhanced responses to other hormones. 
Several groups have found such mutant ARs with altered li- 
gand responses, but their frequency in patients treated with 
androgen ablation monotherapy appears to be low (8, 12-14). 
In contrast, AR mutations were found in —40% of patients who 
relapsed after initial combined therapy with the AR antagonist 
flutamide (15). Moreover, these mutations resulted in mutant 
ARs that were strongly activated by flutamide and other ste- 
roid hormones, indicating selective pressure to maintain AR 
activity. This flutamide- treated patient population also had an 
increased response rate to secondary hormonal therapy with 
bicalutamide, an AR antagonist that remains effective against 
identified AR mutants (11). However, responses were generally 
partial and transient, further indicating a limited overall role 
for AR mutations as a mechanism for AR activity in androgen- 
independent PCa. 

Based on these observations, mechanisms proposed to ac- 
count for AR activity in androgen-independent PCa should be 
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AR Antagonism by Bicalutamide 



Fig. 1. Nuclear AR expression in bi- 
calutamide-treated PCa and normal 
mouse prostate. A-C, formal in -fixed 
and paraffin-embedded bone marrow bi- 
opsy sections from bicalutamide-treated 
androgen-independent PCa were immu- 
nostained with anti-AR antibody. D, nor- 
mal mouse prostate immunostained with 
nonimmune antisera. E and F t anti-AR 
immunostained prostates from untreated 
(E) or bicalutamide-treated (F) mice. 




consistent with and account for resistance to AR antagonists. 
The most widely used AR antagonists have been the steroidal 
drug cyproterone acetate and the nonsteroidal drugs flutamide 
and bicalutamide, which are all competitive antagonists of 
androgen binding (16). Cyproterone acetate has significant AR 
agonist activity, whereas weak agonist activity has been shown 
for hydroxyflutamide, the active metabolite of flutamide (17, 
18). In contrast, previous studies have shown bicalutamide to 
be a pure antagonist of wild type and identified mutant ARs 
(18, 19). The unliganded AR associates with a heat shock pro- 
tein 90 (HSP90) chaperone complex that facilitates ligand bind- 
ing with subsequent conformational changes resulting in AR 
homodimerization, nuclear translocation, DNA binding, and 
transcriptional activation (20). Previous studies in cell lines 
have indicated that the bicalutamide-Hganded AR remains cy- 
toplasmic- and HSP90-associated, which is not consistent with 
transcriptional activity (21). This study further examined the 
effects of bicalutamide on the AR to identify mechanisms that 
may contribute to androgen-independent and bicalutamide- 
resistant AR activity in androgen-independent PCa. 

EXPERIMENTAL PROCEDURES 

Plasmids — A human AR expression vector, pSVARo, was from A. 
Brinkmann (22). pRL-CMV, pG5-Luc, pBind, and pACT vectors were 
from Promega (Madison, WI). VP16 activation domain-AR expression 
vectors were generated in pACT containing the full-length AR (pACT- 
hAR) or the N-terminal AR (amino acids 1-505, pACT-ARN) (23). The 
Gal4 DNA binding domain was fused to the AR ligand binding domain 
(amino acids 661-919) to generate pBind-ARLBD. The ARE 4 -Luc re- 
porter contained four tandem androgen -responsive elements cloned into 
pGL3 (23). Expression vectors for human SRC1 (pSG5-SRCl) and mu- 
rine GRIP1 (pCMV-GRIPl) were from M. Brown (Dana-Farber Cancer 
Institute, Boston, MA) (24, 25). 

Immunohistochemistry and Immunofluorescence — Bone marrow bi- 
opsies from patients with androgen-independent PCa being treated 
with bicalutamide were obtained as described (15) and were immuno- 
stained using a rabbit anti-AR N-terminal antibody (PG-21, Upstate 
Biotechnology, Lake Placid, NY). Mouse prostates were harvested and 
immunostained with the same antibody, as described (26). LNCaP cells 
were grown on coverslips in RPMI 1640 with 10% charcoal-dextran- 
stripped FCS (CS-FCS, Hyclone, Logan UT), which is steroid hormone- 
depleted. Cells were then treated with DHT (Sigma) or bicalutamide 
(provided by Astra-Zeneca, Wilmington, DE) as indicated, fixed in 
PBS/4% paraformaldehyde, and stained with the AR antibody and a 
secondary goat anti-mouse fluorescein isothiocyanate conjugate. 

Transient Transfections and Reporter Gene Assays — CV1 cells were 
cultured in 24-well plates in Dulbecco's modified Eagle's medium with 
10% FCS to —90% confluence. Cells were transfected by mixing the 
indicated amounts of plasmid DNA with 1.5 p\ of LipofectAMINE 2000 
(Invitrogen) in a final volume of 100 p\ of Opti-MEM for 25 min at room 
temperature, which was then mixed with 0.5 ml of Dulbecco's modified 
Eagle's medium with 10% CS-FCS and added to the cell culture wells. 
After 24 h, the culture medium was replaced with 0.2 ml of Dulbecco's 
modified Eagle's medium/10% CS-FCS with or without DHT or bicalu- 
tamide as indicated. After another 24 h, the cells were assayed for 
firefly and Renilla luciferase activities using the Dual-Luciferase re- 
porter assay system (Promega). The results were normalized for the 
internal Renilla control and expressed as the mean relative light units 
plus standard deviation from triplicate or quadruplicate samples. 



Flow Cytometry — The LNCaP PCa cell line was cultured in RPMI 
1640/10% FCS until 70-80% confluent in 10-cm plates. They were then 
transferred to RPMI-160/10% CS-FCS for 24 h and treated with the 
indicated amount of DHT or bicalutamide for another 24 h. Cells were 
recovered by trypsin, washed, and resuspended in 0.5 ml of PBS/5 mw 
EDTA, and 0.7 ml of 95% ethanol was then added. On the day of 
analysis, RNase (2.5 p\ at 10 mg/ml) was added for 30 min followed by 
5 Atl of an 0.5 mg/ml solution of propidium iodide. 

Chromatin Immunoprecipitation — LNCaP cells grown to -80% con- 
fluence in 10-cm plates were switched to steroid hormone-depleted 
medium (RPMI 1640/10% CS-FCS) for 48 h and then exposed to 10 nM 
DHT or 100 /xM bicalutamide for varying times. Plates were then rinsed 
with PBS and fixed for 10 min at room temperature with 1% formalde- 
hyde in PBS. After rinsing twice with ice-cold PBS, cross-linking was 
terminated by scraping cells into 1 ml of 100 mM Tris, pH 9.4, and 10 
mM dithiothreitol and incubating at 30 °C for 15 min. Cell pellets were 
then washed twice with PBS and resuspended in 0.3 ml of lysis buffer 
(1% SDS, 10 mM EDTA, 50 mM Tris, pH 8.1, and protease inhibitors). 
Chromatin was sheared to 300-1000 bp with three sequential 10-s 
pulses at 70% power with a microtip ultrasonic cell dismembrator 
(Fisher). Cell debris was pelleted at 10,000 X g y and the supernatant 
was precleared with 10 /xg of sheared salmon sperm DNA, 20 p\ of 
nonimmune sera, and 20 jj.1 of a 50% slurry of protein A-Sepharose. 
Immunoprecipitation was with 500 ng of AR N-terminal rabbit poly- 
clonal antibody (PG-21, Upstate Biotechnology), 2 /igof sheared salmon 
sperm DNA, and 20 pA of a 50% slurry of protein A-Sepharose. Control 
immunoprecipitations were with 500 ng of a rabbit anti-platelet-de- 
rived growth factor receptor antibody (Upstate Biotechnology). Precip- 
itates were washed three times with 300 mM NaCl, 50 mM Tris, pH 8.0, 
2.7 mM KC1, 0.05% Tween 20, and 1% deoxycholate. Three additional 
washes with 10 mM Tris, 1 mM EDTA were performed, and beads were 
then eluted three times with 35 p\ of 1% SDS and 100 mM NaHCO ;i at 
37 °C for 10 min each. Eluates were pooled and incubated at 65 °C 
overnight to reverse cross-links. Products were then purified with QIA- 
quick PCR purification spin resin (Qiagen, Valencia, CA), and 10% of 
the eluate was subjected to 50 cycles of PCR amplification with steps of 
95, 55, and 72 °C for 1 min each. The primers were TGAGAAACCT- 
GAG ATT AG G A and ATCTCTCTCAGATCCAGGCT, corresponding to 
nucleotides -4270 to -4250 and -4065 to -4045, respectively, in the 
PSA enhancer, which flank the major androgen-responsive element 
(ARE) regulating this gene (27-29). PCR products were analyzed by gel 
electrophoresis and ethidium bromide staining in 5% agarose gels. 
Inputs represent 5% of the DNA used for the AR immunoprecipitations. 
which was similarly treated to reverse cross-links and then PCR-am- 
plified using the same PSA primers. 

RESULTS 

Bicalutamide Does Not Prevent AR Nuclear Localization in 
Prostate Cells — Previous biochemical studies showed that bi- 
calutamide can maintain the AR in a cytoplasmic complex with 
HSP90 (21). Immunohistochemical studies of the AR in andro- 
gen-independent PCa have generally shown strong nuclear 
expression, but AR in bicalutamide-treated patients with an- 
drogen-independent PCa has not been specifically examined. 
Therefore, tumor-containing bone marrow biopsies obtained 
from bicalutamide-treated patients with androgen-independ- 
ent PCa were examined for AR expression. The results demon- 
strated strong nuclear AR expression in each of four cases 
examined (Fig. 1, A-C, and data not shown). 

To determine whether nuclear localization was inhibited by 
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Fig. 2. Bicalutamide (Bica/) -stimulated AR nuclear localiza- 
tion in LNCaP cells. LNCaP cells were grown on coverslips in steroid 
hormone-depleted medium (A) and then stimulated for 10 min (B and 
D) or 2 h (C and E) with 10 nM DHT CB and C) or 10 jam bicalutamide (D 
and E). Cells were then fixed, and AR expression was analyzed by 
indirect immunofluorescence. 

bicalutamide in normal prostate epithelium, mice were treated 
with bicalutamide (1 mg in 0.1 ml of PBS by intraperitoneal 
injection every other day for 2 weeks), and their prostates were 
examined. The seminal vesicles in the treated mice were mark- 
edly shrunken, indicative of AR inhibition (not shown). How- 
ever, immunohistochemistry showed strong nuclear AR expres- 
sion in the prostate epithelium of both untreated and 
bicalutamide-treated mice (Fig. 1, E and F). These results 
demonstrated that bicalutamide did not prevent AR nuclear 
translocation in normal or malignant prostate epithelial cells. 

To assess the effect of bicalutamide on AR cellular localiza- 
tion in PCa cells in vitro, the LNCaP prostate cancer cell line 
was examined. LNCaP expresses a mutant AR that is activated 
by 8-hydroxyflutamide (the active metabolite of flutamide) but 
is still blocked by bicalutamide (19, 30). Moreover, bicalut- 
amide can inhibit LNCaP growth and PSA production. Consist- 
ent with previous studies, immunofluorescence showed that 
the AR in LNCaP cells grown in steroid hormone-depleted 
medium was diffusely distributed in the cytoplasm and nucleus 
(Fig. 2A). Treatment with DHT resulted in rapid nuclear accu- 
mulation with the AR being almost completely nuclear at 2 h 
(Fig. 2, B and C). Treatment with bicalutamide also resulted in 
rapid nuclear translocation (Fig. 2, D and E). Similar results 
have been obtained using transfected wild type AR in HeLa 
cells (data not shown). Taken together, these findings indicated 
that bicalutamide, in addition to not blocking nuclear expres- 
sion of AR in prostate epithelium, had agonist activity with 
respect to AR nuclear translocation. 

Bicalutamide Can Stimulate AR DNA Binding — Despite nu- 
clear AR expression, bicalutamide can completely block DHT- 
stimulated AR trans activation and has no detectable partial 
agonist activity on the full-length AR (18). However, transcrip- 
tional activation by the full-length AR is a multistep process 
involving DNA binding, homodimerization, interaction be- 
tween the AR N and C termini, and association with coactiva- 
tor proteins. Therefore, to assess bicalutamide effects on DNA 
binding independent of these latter protein-protein interac- 
tions, the heterologous VP16 transactivation domain was fused 
to the N terminus of full-length AR. The VP16-AR (2-919) 
fusion protein was inactive in the absence of androgen but 
could be strongly stimulated by DHT (Fig. 3A, left panel). 
Bicalutamide similarly induced substantial activation of the 
VP16-AR (2-919) fusion (Fig. 3A, right panel). Importantly, 
maximal activity was seen in the micromolar concentration 
range, well within the bicalutamide levels in patients treated 
with this drug (31). Therefore, this result indicated that bicalu- 



tamide had partial agonist activity with respect to stimulating 
AR binding to DNA. 

Chromatin immunoprecipitation was used to further assess 
whether bicalutamide stimulated AR binding to an endogenous 
androgen -regulated gene. LNCaP or DU145 (AR-negative) PCa 
cells grown in steroid hormone-depleted medium were treated 
with DHT or bicalutamide. They were then examined by chro- 
matin immunoprecipitation for AR binding to the PSA en- 
hancer (—4270 to —4045 from the start site), which contains 
the major ARE regulating this gene and multiple weak AREs 
(27-29). Immunoprecipitates with an irrelevant antibody (anti- 
platelet-derived growth factor receptor) and AR immunopre- 
cipitates from the DU145 cells or the untreated LNCaP cells 
contained little or no detectable PSA enhancer DNA (Fig. 3B). 
In contrast, both DHT and bicalutamide treatments stimulated 
AR association with the enhancer, further supporting the con- 
clusion that bicalutamide stimulates AR binding to AREs. 

Bicalutamide Does Not Support Association of the AR N and 
C Termini or Interaction with Steroid Receptor Coactivator 
Proteins — Previous studies showed that a ligand-dependent 
interaction between the AR N and C termini made a major 
contribution to AR transcriptional activity and that this inter- 
action was not stimulated by antagonists including cyproterone 
acetate or flutamide (32-34). A mammalian two-hybrid protein 
binding assay was similarly used to determine whether bicalu- 
tamide could stimulate this interaction. Cells were transfected 
with vectors encoding VP16-AR (2-505) and Gal4-AR (661- 
919) fusion proteins (corresponding to the AR N-terminal and 
ligand binding domains, respectively) in conjunction with a 
luciferase reporter gene regulated by tandem Gal4-responsive 
elements (pG5-Luc). There was no detectable interaction be- 
tween these proteins in the absence of ligand, but the interac- 
tion could be strongly stimulated by DHT (Fig. 4, left panel). In 
contrast, bicalutamide did not stimulate this interaction. 

The transcriptional activity of steroid hormone receptors is 
also mediated by ligand-dependent binding of coactivator pro- 
teins, in particular SRC-1 and -2 (35), and increased expression 
of these coactivators has been reported in androgen-indepen- 
dent PCa (36, 37). These coactivator proteins have leucine-X- 
X-leucine-leucine (LXXLL) motifs that mediate ligand-depend- 
ent binding to the ligand binding domain and contain a distinct 
site that binds to the N-terminal, with binding to the AR being 
mediated primarily by this latter N-terminal interaction (38, 
39). To determine whether the bicalutamide-liganded AR could 
interact with SRC-1, cells were co transfected with AR and 
SRC-1 expression vectors. Consistent with previous reports, 
SRC-1 could augment DHT-stimulated AR transcriptional ac- 
tivity (Fig. 5A). However, SRC-1 did not stimulate AR activity 
in the absence of ligand or in the presence of bicalutamide. 
SRC-2 transfection similarly enhanced DHT-stimulated tran- 
scriptional activity (although the effect was more modest) but 
not ligand-independent or bicalutamide-mediated activity (Fig. 
5B). These results indicated that unliganded or bicalutamide- 
liganded AR could not associate with these coactivators, which 
did not support SRC-1 or SRC-2 overexpression as a mecha- 
nism of AR activity in androgen-independent PCa. 

Although the SRC proteins did not stimulate activity of the 
unliganded or bicalutamide-liganded AR, castrated males still 
produce androgens that can be converted to DHT in prostate 
cells. Therefore, further experiments addressed whether SRC 
proteins could enhance AR responses to lower levels of DHT. 
Dose response studies showed that SRC-1 transfection en- 
hanced DHT-stimulated AR activity over a broad range of DHT 
concentrations (Fig. 5, C and D). However, a marked left shift 
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VP16-AR(2-919) 



Fio. 3. DNA binding by bicalut- 
amide (Z?M?a/)-liganded AR, In A, CV1 

cells were transfected with 100 rig of 
pACT-hAR, encoding a VP16-AR (2-919) 
fusion protein, 250 ng of ARE 4 -Luc re- 
porter, and 0.2 ng of pRL-CMV control 
(A). At 24 h alter transfection, cells were 
treated for 24 h with the indicated con- 
centrations of DHT or bicalutamide, and 
firefly versus Renilla luciferase was meas- 
ured. RLU, relative light units. In B, 
DU145 or LNCaP cells grown in steroid 
hormone-depleted medium were stimu- 
lated for 15 or 30 min with 10 nM DHT or 
100 fiM bicalutamide {BIO followed by 
formalin cross-linking, chromatin immu- 
noprecipitation with anti-AR antibody, 
and PCR amplification to detect the PSA 
enhancer ARE. IP y immunoprecipitates. 
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Fig. 4. Lack of interaction between the AR N terminus and 
bicalutamide (Bica/)-liganded C terminus. CVl cells were trans- 
fected with pACT-ARN, encoding a VP16-AR (2-505) fusion protein, 
pBind-ARLBD, encoding a Gal4DBD-AR (661-919) fusion protein, a 
pG5-Luc reporter, and a control pRL-CMV vector. After transfection, 
cells were treated for 24 h with DHT or bicalutamide as indicated. RLU, 
relative light units. 

in the dose response curve to lower DHT concentrations was 
not observed, suggesting that SRC-1 did not increase AR affin- 
ity for DHT. 

Coactiuator Expression Increases the Bicalutamide Concen- 
trations Required to Antagonize AR Transcriptional Activity — 
It was next determined whether SRC-1 overexpression dimin- 
ished the ability of bicalutamide, at concentrations obtained in 
vivo y to inhibit DHT-stimulated AR transcriptional activity. As 
shown in Fig. 6A, bicalutamide at 5 /xm could completely block 
the AR transcriptional activity stimulated by 10 nM DHT. In 
contrast, SRC-1 -transfected cells treated with 10 nM DHT and 
5 fiM bicalutamide had substantial AR activity with lower but 



still detectable activity at 25 /am bicalutamide. Cotransfection 
with SRC-2 similarly stimulated AR transcriptional activity in 
the presence of DHT and 1-5 /xm bicalutamide (Fig. 6B). Fur- 
ther dose response studies showed that SRC-1 transfection did 
not markedly alter the IC 5() for bicalutamide, which was be- 
tween 0.1 and 1 /xm (data not shown). In conjunction with the 
above DHT dose response studies, these results indicated that 
SRC-1 was functioning primarily by augmenting the transcrip- 
tional activity of agonist-bound AR rather than by decreasing 
the ability of bicalutamide to compete with DHT for AR 
binding. 

Effects of Bicalutamide Dose Escalation on LNCaP Cells — A 
prediction based on the above data was that androgen-indepen- 
dent PCa cells overexpressing SRC proteins should respond to 
higher doses of bicalutamide or to more potent AR antagonists. 
Such AR-expressing cell lines derived from androgen-indepen- 
dent PCa are not available, but the LNCaP prostate cancer cell 
line has features of androgen-independent PCa. In particular, 
although LNCaP proliferation and PSA production are stimu- 
lated by DHT, they are only partially inhibited by bicalutamide 
at 5-10 /xm. Therefore, the effects of higher bicalutamide con- 
centrations on these cells were assessed. 

PSA production by LNCaP cells was inhibited progressively 
by bicalutamide concentrations up to 100 /xm (Fig. 7 A). Inhibi- 
tion of LNCaP cell growth as assessed by the percentage of cells 
in S phase was also progressively inhibited at bicalutamide 
concentrations up to 40-80 /xM (Fig. 7B). The inhibitory effects 
of bicalutamide were abrogated by added DHT, indicating that 
the inhibition reflected AR blockade and not nonspecific toxic- 
ity due to the high bicalutamide concentrations (Fig. 1C). These 
findings indicated that the AR in LNCaP cells remained active 
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Fig. 5. SRC fails to stimulate bi- 
calutamide (BicaD-liganded AR, In A 

and B, CV1 cells were cotransfected with 
AR (pSVARo), ARE 4 -Luc, control pRL- 
CMV, and the indicated amounts of SRC 1 
(A) or SRC2 (B) expression vectors. After 
transfection, cells were treated with DHT 
or bicalutamide as indicated for 24 h and 
harvested. RLU, relative light units. In C 
and D, cells were transfected as above 
without (C) or with (Z» SRC1 expression 
vector. 
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Fig. 6. SRC stimulation of AR activity in cells treated with 
DHT and bicalutamide {Bical). In A and B, CV1 cells were cotrans- 
fected with AR (pSVARo), ARE 4 -Luc, control pRL-CMV, and the indi- 
cated amounts of SRCl (A) or SRC2 (23) expression vectors and were 
then treated with hormones as indicated. RLU, relative light units. 



Bical - 

(uM) 



ii 




10 100 Bical . 5 10 20 40 80 Bical 80 80 80 80 80 

DHT - 5 10 20 50 
(nM) 

Fig. 7. Inhibition of LNCaP PSA production and proliferation 
by bicalutamide {Bical). In A, LNCaP cells were grown in complete 
medium with 10% FCS and the indicated concentrations of bicalut- 
amide for 72 h, and PSA secretion (ng/ml) into the culture supernatant 
was measured by enzyme-linked immunosorbent assay during the last 
24 h. RLU, relative light units. In B and C, LNCaP cells were grown in 
complete medium with 10% FCS and treated for 48 h with bicalutamide 
and DHT as indicated. The percentage of S phase was then assessed by 
propidium iodide staining and flow cytometry. 



even at 10 /uim bicalutamide and could be antagonized by higher 
concentrations of the drug. 

DISCUSSION 

Previous reports have suggested that bicalutamide func- 
tioned as a pure antagonist by preventing AR DNA binding 
(18-21). In contrast, the data reported here demonstrate that 
the bicalutamide-liganded AR localizes in the nucleus and, 



more importantly, that it can bind to AREs in episomal re- 
porter genes and in the endogenous PSA promoter. However, 
the bicalutamide-liganded AR is transcriptionally inactive. 
Consistent with this lack of transcriptional activity, bicalut- 
amide did not stimulate binding of the AR N terminus to the 
C-terminal ligand binding domain. Moreover, cotransfection of 
bicalutamide-treated cells with SRC-1 or -2 did not stimulate 
AR activity, indicating that these coactivator proteins did not 
interact with the bicalutamide-liganded AR. Taken together, 
these findings indicate that the bicalutamide-liganded AR 
binds to DNA but in a transcriptionally inactive conformation. 

The lack of AR N- and C-terminal interaction in the bicalu- 
tamide-liganded AR is not surprising as this is mediated by an 
LXXLL-like motif in the N terminus and is dependent on an 
agonist conformation in the ligand binding domain (40). How- 
ever, SRC-1 binding to the AR is primarily or exclusively 
through the N terminus as the LXXLL motifs in SRC-1 do not 
bind to the AR ligand binding domain (39, 41). The precise site 
in the AR N terminus that mediates SRC-1 binding has not 
been identified, but the lack of SRC-1 interaction with the 
bicalutamide-liganded AR indicates that the N-terminal bind- 
ing site may be affected by ligand binding, possibly reflecting a 
role for the AR N- and C-terminal interaction in positioning or 
exposing the N-terminal SRC-1 binding site. Alternatively, 
binding of a corepressor to the bicalutamide-liganded AR could 
block SRC-1 binding or inhibit its coactivator functions (see 
below). 

Although SRC-1 and -2 did not stimulate transcriptional 
activation of the unliganded or bicalutamide-liganded AR, 
higher concentrations of bicalutamide were needed to block 
DHT-stimulated transcriptional activity in cells transfected 
with SRC-1 or -2. This did not appear to reflect an increase in 
the affinity for DHT relative to bicalutamide as SRC-1 trans- 
fection did not markedly alter the dose response to DHT or the 
apparent IC 50 for bicalutamide inhibition of DHT-stimulated 
AR activity. The most straightforward explanation for these 
results is that SRC-1 and -2 are rate-limiting coactivators and 
enhance the transcriptional activity of the small fraction of 
DHT-liganded ARs. Importantly, this enhancement could be 
relevant in PCa patients being treated with androgen depriva- 
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tion therapy (castration or luteinizing hormone releasing hor- 
mone agonist) in conjunction with bicalutamide. In this setting, 
in which there are still substantial levels of circulating andro- 
gens, increased expression of SRC proteins would diminish the 
efficacy of bicalutamide in blocking residual AR activity. 

Recent reports demonstrate that the AR can also bind to 
corepressor proteins, including nuclear corepressor (NCoR), 
indicating that corepressor binding could further contribute to 
the in vivo antagonist activity of bicalutamide (42-44). This 
would suggest down-regulation of a corepressor as another 
mechanism for development of bicalutamide-resistant PCa. 
These data also suggest that bicalutamide may function as a 
selective AR modulator. However, in contrast to the selective 
estrogen receptor modulators tamoxifen and raloxifene, bicalu- 
tamide does not appear to activate the N-terminal activation 
function (AF-1) of the AR, and cell types or tissues in which 
bicalutamide functions as an AR agonist have not been 
identified. 

In summary, these results demonstrate that bicalutamide 
does not function as an AR antagonist by preventing AR bind- 
ing to DNA but instead stimulates the assembly of a transcrip- 
tionally inactive receptor on DNA. These findings support a 
continued role for the AR in androgen-independent bicalut- 
amide-resistant PCa and suggest that the increased expression 
of AR and transcriptional coactivator proteins in androgen- 
independent PCa may decrease the efficacy of bicalutamide in 
blocking AR activation by residual androgens. Importantly, 
this mechanism predicts that inhibition of adrenal androgen 
production in conjunction with bicalutamide (or more potent 
AR antagonists) may have efficacy in androgen-independent 
PCa. 
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ABSTRACT 

Evidence exists to suggest that androgens stimulate bone formation in the estrogen-deficient state, however the 
mechanism of action is unclear. The following study investigates the effect of dihydrotestosterone (DHT) on 
biochemical markers of bone turnover and calcium homeostasis in sham and oophorectomized (oophx) rats when 
either vehicle, 40, 80, or 160 mg/kg body weight (bw) DHT were administered at the time of operation or at 15 weeks 
postoperation. Serum alkaline phosphatase (ALP) increased following DHT administration in sham and oophx 
rats in all groups (mean ALP ± SEM [U/l] week 8; sham vehicle, 40 ± 7; sham 160 mg DHT/kg bw, 72 ± 5; oophx 
vehicle, 60 ± 6; oophx 160 mg DHT/kg bw, 88 ± 11) (p < 0.001). In contrast, serum osteocalcin was significantly 
suppressed in oophx rats administered DHT 15 weeks following operation (mean osteocalcin ± SEM [/xg/1] week 
8; oophx vehicle, 17.6 ± 3.5; oophx 160 mg DHT/kg bw, 10.5 ± 1) (p < 0.01). Urine deoxypyridinoline was 
significantly decreased when DHT was administered 15 weeks postoophorectomy (p < 0.001); however, urine 
hydroxyproline was not affected by DHT treatment in any group. Urine calcium was decreased by DHT treatment 
(mean Ca/Cr ± SEM week 8; sham vehicle, 0.87 ± 0.13; sham 160 mg DHT/kg bw, 0.24 ± 0.08; oophx vehicle, 
0.68 ± 0.16; oophx 160 mg DHT/kg bw, 0.45 ± 0.1) (p < 0.005) which was associated with an increase in the renal 
tubular reabsorption of calcium (p < 0.05). This study demonstrates the direct effects of DHT on both bone cell 
activities and the renal handling of calcium. (J Bone Miner Res 1997;12:1431-1437) 



INTRODUCTION 

Androgens partially restore bone in both postmeno- 
pausal women and gonadectomized male and female 
rats.°" 8) While androgen receptors have been identified on 
human osteoblast-like cells, (9) it is unclear whether these 
responses are an effect of androgens on bone cells to stim- 
ulate bone formation or inhibit bone resorption. Alterna- 
tively, they may exert an indirect effect on bone by increas- 
ing muscle mass and thereby stimulating mechanical forces 
on the skeleton. Some androgens may be converted within 
the target cell to estrogen and thus effects may also be 
exerted via activation of the estrogen receptor. 

In postmenopausal osteoporotic women, the synthetic 
androgen nandrolone decanoate increases forearm mineral 
density and calcium absorption with no effect observed on 
the biochemical marker of bone resorption, urine hy- 



droxyproline excretion. (4) Such data suggest that androgens 
act to increase bone mineral density by increasing bone 
formation. In contrast, Johanssen and coworkers found 
nandrolone combined with oral calcium supplementation, 
also in postmenopausal osteoporotic women, increased 
bone mineral content with no concominant rise in bone 
formation. They suggested that androgens have a positive 
effect on bone by inhibiting bone resorption in addition to 
increasing muscle mass. (l) 

The oophorectomized (oophx) rat has been used exten- 
sively as a model of postmenopausal bone loss. (K,) Adrena- 
lectomized female rats suffer bone loss similar to the oophx 
rat which is reversed by treatment with nandrolone decano- 
ate. 00 5a-dihydrotestosterone (DHT) partially restores 
cancellous bone volume in osteopenic oophx rats, reflecting 
a net gain of bone tissue rather than the prevention of 
further bone loss. (5 8) Furthermore in female rats, the ad- 
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ministration of the androgen antagonist flutamide induces 
bone loss independent of estrogen status/ 1 2) 

Such data demonstrate the importance of androgens for 
skeletal integrity in females as well as males. The mecha- 
nism of androgens on bone, however, remains controversial 
and to differentiate between an antiresorptive action and 
stimulation of osteoblast activity we have investigated the 
effects of DHT on biochemical indices of bone turnover 
and calcium homeostasis in sham and oophx rats. Unlike 
testosterone, DHT is not metabolized to estrogen and 
therefore the effects observed following such treatment are 
due to activation of the androgen receptor. 

MATERIALS AND METHODS 

Animals 

Seventy-two 8-month-old female Sprague-Dawley rats 
(265-357 g) were obtained from the Gilles Plains Animal 
Resource Centre (Gilles Plains, South Australia). Each rat 
was meal fed 20 g/day commercial rat chow containing 0.7% 
calcium and 0.6% phosphorus and 200 U/kg vitamin D 
(Milling Industries Pty. Ltd., South Australia) and tap water 
was supplied ad libitum. The animals were housed at 26°C 
with a 12-h light- dark cycle. All procedures were approved 
by The Institute of Medical and Veterinary Science and The 
University of Adelaide animal ethic committees. 

Experimental procedure and design 

Experiment 1: Forty-eight animals were randomly divided 
into eight groups, and preoperative fasting blood and urine 
samples were collected to provide baseline biochemistry. 
The rats were randomly allocated to either a sham or 
oophorectomy operation performed under halothane an- 
aesthesia and were administered either vehicle (silastic tub- 
ing), 40, 80, or 160 mg/kg body weight (bw) DHT (Sigma 
Chemical Co., Milwaukee, WI, U.S.A.) by silastic implants 
(Dow-Corning Medical Silastic tubing, Dow-Corning, Mid- 
land, MI, U.S.A.) of lengths 1.5, 2.8, and 5.6 cm, respec- 
tively, at the time of operation. Twenty-four hour fasting 
blood and urine samples were collected weekly for 8 weeks. 

Experiment 2: Twenty-four animals were randomly di- 
vided into four groups, and all animals were oophorecto- 
mized under halothane anaesthesia. At 15 weeks postop- 
eration, the rats were administered either vehicle (silastic 
tubing), 40, 80, or 160 mg/kg (bw) DHT as for experiment 
1. Twenty-four hour fasting blood and urine samples were 
collected every 2 weeks for 14 weeks. 

Biochemical analyses 

Urine volumes were recorded. Urine creatinine, acidified 
urine calcium, serum alkaline phosphatase, serum alanine 
aminotransferase, serum calcium, albumin, total protein, 
and creatinine were analyzed on automated chemical anal- 
ysers (Kone Progress Plus, Kone Corp., Ruukintie, Finland 
and Cobas Bio, Roche Ltd., Basel, Switzerland) using man- 
ufacturer recommended methods. Serum sodium, potas- 
sium, chloride, and bicarbonate were measured on a Fast 4 
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electrolyte system (Ciba-Corning 664, Medfield, MA, 
U.S.A.). Whole blood ionized calcium was measured on a 
calcium-pH analyzer (Ciba-Corning 634, Halstead Essex, 
U.K.). Urine hydroxyproline was measured by the method 
of Bergman and Loxley. (13) Free urine deoxypyridinoline 
was measured by competitive enzyme immunoassay using a 
commercially available kit (Pyrilinks-D, Metra Biosystems 
Inc., CA, U.S.A.). Serum osteocalcin was measured by ra- 
dioimmunoassay as described by Morris et al. <14) DHT was 
measured by radioimmunoassay using a commercially avail- 
able kit (Diagnostic System Laboratories Inc., Webster, TX, 
U.S.A.). 

Calculations and statistical analyses 

Urine calcium, hydroxyproline, and free deoxypyridino- 
line were expressed as a ratio to urine creatinine. Creati- 
nine excretion (mmol/day) was calculated by multiplying 
urine creatinine (mmol/1) by 24-h urine volume (1/day). 
Ultrafiltrable calcium was calculated by the formula de- 
scribed by Morris et al. (14) Anion gap was calculated from 
the difference between the sum of the serum sodium and 
potassium and the sum of the serum chloride and bicarbon- 
ate. The maximum tubular reabsorption of calcium (TmCa) 
was calculated by the formulas described by Marshall 15) ; 
however, the calculated serum ultrafiltrable calcium was 
used as the measure of the filtered load of plasma calcium. 
Statistical analyses for hydroxyproline/creatinine ratio, al- 
kaline phosphatase, and osteocalcin were performed on the 
difference between the experimental values and the base- 
line value to correct for individual variation. 

One way analysis of variance (ANOVA) was used to 
analyze the effect of operation in rats receiving vehicle 
alone. Multiple comparisons of mean values were made by 
repeated measures ANOVA. When the assumption of 
equal correlations between biochemical analyses at each 
time point was violated, a conservative adjustment to the 
degrees of freedom was made using the following formu- 
la (16 >: 

degrees of freedom 
(adjusted) 

within subject degrees of freedom 
(number of within subject groups — 1) 

Tukey's post hoc test was used to identify significant differ- 
ences between mean values.° 7) All data were analyzed by 
SAS version 6.10 (SAS Institute, Cary, NC, U.S.A.) on a 
personal computer. A value of p < 0.05 was considered 
significant. 

RESULTS 

Serum DHT levels, which were unaffected by operation, 
correlated with dose administered in both sham and oophx 
rats (p < 0.001), and remained elevated throughout the 
duration of both experiments (Table 1). DHT administra- 
tion did not significantly affect urine volume or 24-h urine 
creatinine excretion in either experiment (data not present- 
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Table 1. Serum Dihydrotestosterone Levels (pmol/1) Measured in Experiment 1 and 2 



Time 
(weeks) 






Control 








Oophx 




Vehicle 


40 mg 


80 mg 


160 mg 


Vehicle 


40 mg 


80 mg 


160 mg 


2 
5 
8 
14 


231 (38) 


2143 (423)** 
1307 (251)* 
1335 (237)* 


2253 (289)** 
1483 (244)* 
1369 (234)* 


5060 (1241 )* + * 
4355 (1118)* + 
3922 (626)** 


158 (21) 
172 (24) 


1338 (334)** 
1355 (575)* 
1011 (210)* 
1022(148)* 


2394 (602)** 
1864 (530)* 
1882 (695)* 
1352(186)* 


5772 (1073)*** 
4372 (482)** 
3570 (488)** 
2580 (451)** 



Values are mean (SE). *p < 0.05 versus vehicle within operation group; *p < °.05 versus 40 and 80 mg DHT; *p < 0.05 versus weeks 
8 and 14 within dosage group. 




Time (weeks) Time (weeks) Time (weeks) 

FIG. 1. Changes in serum alkaline phosphatase (U/I) in sham (a) and oophx (b) rats administered DHT from the time 
of operation and in oophx (c) rats administered DHT between 15 and 29 weeks following oophorectomy. (■) Vehicle, (□) 
40 mg DHT, (O) 80 mg DHT, (♦) 160 mg DHT. + p < 0.001 versus sham (a) within dosage group; *p < 0.01 versus vehicle 
within operation group; */? < 0.0001 versus week 1; % p < 0.001 versus weeks 15 and 17; *p < 0.05 versus vehicle within 
operation group. 



ed), and urine biochemical variables were expressed as a 
ratio to creatinine to correct for dilutional and bladder 
emptying errors. 

Experiment 1 

Serum alkaline phosphatase and osteocalcin were raised 
as a result of oophorectomy in rats receiving vehicle (p < 
0.001) (Figs, la, lb, 2a, and 2b). Alkaline phosphatase was 
elevated following DHT administration independent of 
dose (p < 0.001) in both sham and oophx rats. This effect 
was time dependent (p < 0.001) with maximal stimulation 
occurring between weeks 2 and 8 after commencing treat- 
ment (Figs, la and lb). Osteocalcin was unaffected by DHT 
treatment in either operation group (Figs. 2a and 2b). 
There was no difference between the sham and oophx rats 
following DHT treatment due to an insignificant rise in the 
sham rats and an insignificant fall in the oophx rats. 

Urine hydroxyproline/creatinine and deoxypyridinoline/ 
creatinine were increased as a result of oophorectomy in 
rats receiving vehicle (p < 0.001,/? < 0.01, respectively) 



(Table 2); however, they were unaffected by DHT admin- 
istration in either group. Although not statistically signifi- 
cant, DHT treatment resulted in an increase in both urine 
hydroxyproline and deoxypyridinoline in sham rats such 
that no statistical difference was observed between DHT- 
treated sham and oophx rats (Table 2). Urine calcium/ 
creatinine was unaffected by operation in rats receiving 
vehicle (Figs. 3a and 3b). DHT administration decreased 
urine calcium independent of dose (p < 0.005) in both 
sham and oophx rats. This effect was time dependent and 
occurred at 2 weeks following commencement of DHT 
treatment (p < 0.005) (Figs. 3a and 3b). TmCa was unaf- 
fected by oophorectomy but was increased following DHT 
administration (p < 0.05) (Table 2) and this effect was not 
dose dependent but was time dependent with maximal re- 
sponses occurring at weeks 6-8, following DHT adminis- 
tration (data not presented). Ionized calcium was not af- 
fected by oophorectomy but was significantly decreased at 
all doses of DHT treatment (p < 0.05), (Table 2) with 
maximal suppression occurring at weeks 6-8 following com- 
mencement of DHT administration (data not presented). 
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FIG. 2. Changes in serum osteocalcin (/xg/1) in sham (a) and oophx (b) rats administered DHT from the time of operation 
and in oophx (c) rats administered DHT between 15 and 29 weeks following oophorectomy. (■) Vehicle, (□) 40 mg DHT, 
(O) 80 mg DHT, (♦) 160 mg DHT. + p < 0.001 versus sham (a) within dosage group; *p < 0.001 versus vehicle within 
operation group; *p < 0.005 versus week 1 within operation group. 



Table 2. Experiment 1: Biochemical Variables Following DHT Administration from 0 to 8 Weeks Postoperation 

Variable Operation Vehicle 40 mg DHT 80 mg DHT 160 mg DHT 



Hydroxyproline/creatinine 


sham 


9.8 (0.4) 


13.0 (0.8) 


14.4 (1.1) 


14.5 (1.3) 


(jxmol/mmol) 


oophx 


12.5 (0.6) f 


13.1 (0.5) 


12.5 (0.8) 


13.2 (0.5) 


Deoxypyridinoline/creatinine 


sham 


26.6 (2.9) 


43.5 (5.3) 


36.9 (9,0) 


24.1 (7.6) 


(nmol/mmol) 


oophx 


33.7 (4.9)* 


35.8 (3,9) 


45.3 (8.6) 


35.8 (5.0) 


TmCa* (mmol/1 GF) 


sham 


2.61 (0.07) 


2.86 (0.07) 


2.89 (0.07)* 


2.97 (0.01)* 


oophx 


2.72 (0.08) 


2.88 (0.06) 


3.16 (0.08)* 


2.97 (0.07)* 


Ionised calcium (mmol/l) 


sham 


1.34 (0.01) 


1.31 (0.01) 


1.31 (0.01)* 


1.31 (0.01)* 


oophx 


1.33 (0.01) 


1.32 (0.01) 


1.32 (0.01) s 


1.31 (0.01)* 


Serum creatinine (mmol/l) 


sham 


0.050 (0.002)" 


0.044 (0.002) §l1 


0.046 (0.002) §n 


0.044 (0.002)* 


oophx 


0.047 (0.003) tH 


0.042 (0.001 ) M 


0.042 (0.001 ) § " 


0.038 (0.001)* 



DHT dose is milligrams per kilogram of body weight. Values are mean (SE) of weeks 0-8. *TmCa, maximum tubular reabsorption of 
calcium; f p < 0.001 versus sham; *p < 0.05 versus sham; V < 0 05 versus vehicle within operation group; B p < 0.05 versus 160 mg DHT 
within operation group. 



Serum creatinine decreased following oophorectomy 
(p < 0.05) and was decreased by DHT in both sham and 
oophx rats (p < 0.05) (Table 2). Body weight increased 
over time (p < 0.005); however, it was unaffected by DHT 
(data not presented). No relationship was observed be- 
tween weight and serum creatinine (data not presented). 
Serum alanine aminotransferase (ALT) and albumin were 
unchanged throughout the duration of the experiment 
(mean ALT ± SEM [U/l]; sham vehicle, 17.2 ± 4.7; sham 
DHT, 14.5 ± 2.6; oophx vehicle, 19.1 ± 4.9; oophx DHT, 
20.2 ± 3.0; mean albumin SEM (g/1); sham vehicle, 34.6 ± 
0.6; sham DHT, 33.9 ± 0.2; oophx vehicle, 33.3 ± 0.8; 
oophx DHT 33.8 ± 0.2). 

Experiment 2 

Serum alkaline phosphatase was increased as a result of 
DHT administration independent of dose (p < 0.05), and 



this effect was time dependent with maximal serum levels 
not occurring until 14 weeks after commencing treatment 
(29 weeks postoperation) (p < 0.001) (Fig. lc). Serum 
osteocalcin was decreased following DHT treatment (p < 
0.01). This effect was also independent of dose but was time 
dependent with maximal suppression occurring between 
weeks 10 and 14 after commencing treatment (25 and 29 
weeks postoophorectomy; p < 0.001) (Fig. 2c). 

Urine deoxypyridinoline/creatinine was decreased by 
DHT treatment (p < 0.001), although urine hydroxypro- 
line/creatinine was unaffected (Table 3). The fall in urine 
calcium/creatinine following DHT treatment did not reach 
statistical significance (p = 0.13) (Fig. 3c). TmCa was 
elevated by DHT treatment (p < 0.05) (Table 3) and this 
effect was time dependent (p < 0.025) (data not present- 
ed), but again independent of dose. Serum ionized calcium 
(Table 3), alanine ALT, albumin, and body weight were 
unaffected by DHT administration and were unchanged 
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Time (weeks) Time (weeks) Time (weeks) 

FIG. 3. Changes in urine calcium/creatinine (rnmol/mmol) in sham (a) and oophx (b) rats administered DHT from the 
time of operation and in oophx (c) rats administered DHT between 15 and 29 weeks following oophorectomy. (■) Vehicle, 
(□) 40 mg DHT, (O) 80 mg DHT, (♦) 160 mg DHT. *p < 0.005 versus vehicle within operation group; # p < 0.005 versus 
week 1 within operation group. 



Table 3. Experiment 2: Biochemical Variables Following DHT Administration from 
15 to 29 Weeks Postoophorectomy 



Variable Vehicle 40 mg DHT 80 mg DHT 160 mg DHT 



Hydroxyproline/creatinine (^mol/mmol) 


10.5 


(0.3) 


10.0 


(0.3) 


10.5 


(0.3) 


11.7 


(0.5) 


Deoxypyridinoline/creatinine (nmol/mmol) 


46.7 


(3.0)* 


45.7 


(5.4)* 


37.3 


(5.0)* 


27.0 


(1.9) 


TmCa* (mmol/1 GF) 


2.68 


(0.04) 


3.0 


(0.04) 


3.17 


(0.06)* 


3.09 


(0.05)* 


Ionized calcium (mmol/1) 


1.35 


(0.01) 


1.35 


(0.01) 


1.36 


(0.01) 


1.35 


(0.01) 


Serum creatinine (mmol/1) 


0.042 (0.001) 


0.036 (0.001)* 


0.031 


'(0.001)* 


0.037 (0.001)* 



DHT dose is milligrams per kilogram of body weight. Values are mean (SE) weeks of 15-29. *TmCa, maximum tubular reabsorption 
of calcium; V < 0 05 versus 160 mg DHT within operation group; *p < 0.05 versus vehicle. 



throughout the experiment (mean ALT ± SEM [U/l]; 
oophx vehicle, 15.7 ± 1.6; oophx DHT, 20.0 ± 1.5; mean 
albumin SEM (mmol/1); oophx vehicle, 33.8 ± 0.4; oophx 
DHT, 34,7 ± 0.2). Serum creatinine decreased upon DHT 
treatment (p < 0.005) (Table 3). No relationship was iden- 
tified between serum creatinine and body weight (data not 
presented). 



DISCUSSION 

DHT treatment in osteopenic oophx rats results in a net 
gain in bone volume rather than the prevention of further 
bone loss. (5) The acrual of bone is due to an increase in the 
bone formation rate, with increased surface extent of flu- 
rochrome labels resulting in both increased trabecular 
thickness and number in the tibae <5) and stimulation of 
periosteal bone formation in the femur. (8) At high doses of 
DHT, comparable to those used in the present study, the 
extent of osteoclast surface and number is reduced. (5) It is 
of interest that at these high doses of DHT the bone 
formation rate does not differ from oophx control rats 
although, at least over the short term, bone mineral density 



is significantly increased. (5 ' 8) In the present study, we have 
demonstrated significant biochemical changes with DHT 
treatment providing further information on the activities of 
androgens on bone and calcium metabolism. 

An increase of serum alkaline phosphatase was observed 
in both sham and oophx rats following DHT administration 
either at operation or 15 weeks postoperation. The re- 
sponse was rapid, with stimulation evident after 2 weeks in 
the groups receiving DHT at operation but slower in the 
osteopenic oophx rats with 14 weeks of treatment required 
to detect stimulation. No changes were detected in serum 
albumin levels, a protein synthesized by the liver, or alanine 
aminotrasferase, a liver enzyme, suggesting that the effect 
of DHT is on bone, rather than liver alkaline phosphatase. 
This effect is consistent with the induction of alkaline phos- 
phatase by DHT in isolated osteoblast cells in vitro which 
was blocked by hydroxyflutamide, confirming this activity is 
mediated by the androgen receptor. (,8) The resultant levels 
of alkaline phosphatase in both sham and oophx rats were 
comparable, suggesting that these dosages provided maxi- 
mal stimulation of osteoblasts independent of ovarian 
status. 

In contrast, DHT did not affect serum osteocalcin levels 
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in sham-operated rats and decreased osteocalcin in oophx 
rats only when administered at 15 weeks following oopho- 
rectomy. Therefore, a differential effect of this androgen on 
osteoblast products has been observed. It is proposed that 
alkaline phosphatase and osteocalcin synthesis reflect dif- 
ferent aspects of osteoblastic activity/ 19) and therefore this 
discordant effect of DHT on their serum levels may indicate 
that androgens act at a specific stage of osteoblast matura- 
tion. These data are consistent with a model that DHT 
stimulates osteoblasts at this matrix maturation stage of 
development when alkaline phosphatase is synthesized 
without stimulating osteocalcin synthesis. 

The effects of DHT on biochemical markers of bone 
resorption were similar to those observed on serum osteo- 
calcin levels. Urine deoxypyridinoline was significantly re- 
duced in osteopenic rats when DHT was administered 15 
weeks postoophorectorny, while urine hydroxyproline ex- 
cretion was unaffected. Since deoxypyridinoline is consid- 
ered to be a more specific marker of bone resorption* 20 * it 
may better reflect such changes compared with hydroxypro- 
line. Nandrolone decanoate, a synthetic androgen, decreases 
osteocalcin in young and old rats when administered immedi- 
ately following operation/ 20 which was attributed to an over- 
all antiresorptive effect. 

The differences between the effects of DHT on the bio- 
chemical variables when DHT was administered either at 
the time of operation or 15 weeks postoophorectorny pos- 
sibly reflects an interaction between DHT and the rate of 
bone resorption at the time of treatment. In osteopenic rats, 
the bone turnover rate as measured by osteoclast and os- 
teoblast surface is not significantly different from that of 
sham rats in the cancellous bone of the tibae at 120 days 
postoperation/ 8,22) When DHT was administered at the 
time of operation the effects on bone resorption may have 
been masked due to the increased number and activity of bone 
cells associated with the elevated bone turnover rate following 
estrogen deficiency/ 22) In contrast, the osteopenic rats had a 
lower number of active bone cells at the time of treatment and 
thus the effect of DHT to decrease bone resorption was 
detectable. Serum osteocalcin was also decreased by DHT 
treatment in the osteopenic oophx rats, further supporting 
this theory. 

Urine hydroxyproline, urine deoxypyridinoline, alkaline 
phosphatase, and osteocalcin were increased as a result of 
oophorectomy compared with ovary-intact rats receiving 
vehicle alone consistent with increased bone turnover. It is 
interesting to note that DHT abolished the effect of oopho- 
rectomy on bone turnover because the resultant levels of all 
bone biochemical variables measured following DHT ad- 
ministration were not significantly different between sham 
and oophx rats. The major factors contributing to this effect 
were the greater increase of alkaline phosphatase and the 
slight but not significant increase in serum osteocalcin and 
deoxypyridinoline and hydroxyproline excretion in sham 
rats compared with oophx rats. These results provide fur- 
ther evidence for an interaction between DHT and estrogen 
which has previously been reported in the oophx rat mod- 
el (8) and requires additional investigation. 

Urine calcium excretion was significantly decreased, with 
DHT administered immediately following operation in both 
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sham and oophx rats, and, although not reaching statistical 
significance in oophx rats when administered 15 weeks 
following oophorectomy, this trend was maintained. Nan- 
drolone decanoate administration also decreases urine cal- 
cium excretion in postmenopausal women (2,3> and in young 
oophx rats. (21) The decrease in urine calcium observed in 
the present study was associated with an increase in the 
tubular reabsorption of calcium in the kidney, suggesting a 
direct action of DHT on the kidney in agreement with the 
findings of Need and colleagues in postmenopausal wom- 
en. (4) Ionized calcium was significantly decreased in sham 
and oophx rats administered DHT at the time of operation 
although no effect was observed when DHT was adminis- 
tered to the osteopenic oophx rats. This may reflect in- 
creased calcium incorporation into bone with increased 
bone formation. The ability of DHT to conserve calcium at 
the level of the kidney contributes to the availability of 
calcium for incorporation into bone and the subsequent 
increase in bone volume. 

In summary, this study has demonstrated that even at 
high doses DHT exerts a stimulatory effect on alkaline 
phosphatase levels with a decrease in ionized calcium levels 
consistent with stimulation of bone formation. There was 
no increase in body weight or serum creatinine levels sug- 
gesting that this action was a direct effect on bone cell 
activity rather than by stimulation of muscle tissue with an 
indirect effect on bone. DHT also suppressed urine deoxy- 
pyridinoline excretion and serum osteocalcin levels in os- 
teopenic oophx rats, indicating an antiresorptive action in 
female rats. This action appears to be relatively weak since 
it was not detectable when DHT was administered imme- 
diately following either sham or oophorectomy operations. 
In addition, DHT increased the renal tubular reabsorption 
of calcium, suggesting a direct effect on the kidney. Since 
DHT is not metabolized to estrogen, each of these actions 
must be mediated by the androgen receptor. However, the 
further understanding of these pleiotropic activities and the 
possible interactions between DHT and the rate of bone 
resorption and/or estrogen warrants further study, particu- 
larly with respect to the effects of DHT on bone cell gene 
expression. 

REFERENCES 

1. Johanssen JS, Hassager C, Posdenphant J, Riis BJ, Hartwell D, 
Thomsen K, Christiansen C 1989 Treatment of postmeno- 
pausal osteoporosis: Is the anabolic steroid nandrolone de- 
canoate a candidate? Bone Miner 6:77-86. 

2. Riggs BL, Jowsey J, Goldsmith RS, Kelly PJ, Hoffman DL, 
Arnaud CD 1972 Short- and long-term effects of estrogen and 
synthetic anabolic hormone in postmenopausal osteoporosis. 
J Clin Invest 51:1659-1663. 

3. Chestnut III CH, Ivey JI, Gruber HE, Mathews M, Nelp WB, 
Sisom K, Baylink DJ 1983 Stanozolol in postmenopausal os- 
teoporosis: Therapeutic efficacy and possible mechanisms of 
action. Metabolism 32:571-580. 

4. Need AG, Morris HA, Hartley TF, Horowitz M, Nordin BEC 
1987 Effects of nandrolone decanoate on forearm mineral 
density and calcium metabolism in osteoporotic postmeno- 
pausal women. Calcif Tissue Int 41:7-10. 

5. Tobias JH, Gallagher A, Chambers TJ 1994 5a-Dihydrotest- 



DHT TREATMENT IN OOPHO RECTO M1ZED RATS 

osterone partially restores cancellous bone volume in os- 
teopenic ovariectomized rats. Am J Physiol 267:E853-E859. 

6. Wakely GK, Schutte Jr. HD, Hannon KS, Turner RT 1991 
Androgen treatment prevents loss of cancellous bone in the 
orchidectomized rat. J Bone Miner Res 6:325-330. 

7. Erdtstieck RJ, Plos HAP, Van Kuijk C, Birkenhager-Frenkel 
DH, Zeelenberg J, Kooy PPM, Mulder P, Birkenhager JC 1994 
Course of bone mass during and after hormonal replacement 
therapy with and without addition of nandrolone decanoate. 
J Bone Miner Res 9:227-283. 

8. Coxam V, Bowman BM, Mecham M, Roth CM, Miller MA, 
Miller SC 1996 Effects of dihydrotestosterone alone and com- 
bined with estrogen on bone mineral density, bone growth and 
formation rates in ovariectomized rats. Bone 19:107-114. 

9. Colvard DS, Erikson EF, Keeting PE et al 1989 Identification 
of androgen receptors in normal osteoblast-like cells. Proc Natl 
Acad Sci USA 86:854-857. 

10. Kalu DN 1991 The ovariectomized rat model of postmeno- 
pausal bone loss. Bone Miner 15:175-192. 

1 1 . Durbridge TC, Morris HA, Parsons M, Parkinson IH, Moore 
RJ, Porter S, Need AG, Nordin BEC, Vernon Roberts B 1990 
Progressive cancellous bone loss in rats after adrenalectomy 
and oophorectomy. Calcif Tissue Int 47:383-387. 

12. Goulding A, Gold E 1993 Flutamide-mediated androgen 
blockade evokes osteopenia in the female rat. J Bone Miner 
Res 8:763-769. 

13. Bergman I, Loxely R 1970 The determination of hydroxypro- 
line in urine hydrolysates. Clin Chim Acta 27:347-349. 

14. Morris HA, Porter SJ, Durbridge TC, Moore RJ, Need AG, 
Nordin BEC 1992 Effects of oophorectomy on biochemical 
and bone variables in the rat. Bone Miner 18:133-142. 

15. Marshall DH 1976 Calcium and phosphate kinetics. In: Nordin 
BEC (ed.) Calcium, Phosphate and Magesium Metabolism. 
Churchhill Livingstone, Edinburgh, U.K., pp. 257-297. 

16. Greenhouse SW, Geisser S 1959 On methods in the analysis of 
profile data. Psychometrika 24:95-112. 



1437 

17. Pagano RR 1986 Understanding statistics in the behavioural 
sciences, 2nd Ed. West Publications, St. Paul, MN, U.S.A., pp. 
338-340. 

18. Kasperk CH, Wergedal JE, Farley JR, Linkhart TA, Turner 
RT, Baylink DJ 1989 Androgens directly stimulate prolifera- 
tion of bone cells in vitro. Endocrinology 124:1576-1578. 

19. Owen TA, Aronow M, Shalhoub V, Barone LM, Wilming L, 
Tassinari MS, Kennedy MB, Pockwinse S, Lian JB, Stein GS 
1990 Progressive development of the rat osteoblast phenotype 
in vitro: Reciprocal relationships in expression of genes asso- 
ciated with osteoblast proliferation and differentiation during 
formation of the bone extracellular matrix. J Cell Physiol 
143:420-430. 

20. Robins SP, Black D, Paterson CR, Reid DM, Duncan A, Seibel 
MJ 1991 Evaluation of urinary hydroxypyridinium crosslink 
measurements as resorption markers in metabolic bone dis- 
eases. Eur J Clin Invest 21:310-315. 

21. Schot LPC, Schuurs AHWM, Kloosterboer HJ 1993 The action 
of anabolic steroids in bone in experimental animals. In: Ko- 
pera H (ed.) Anabolic and Androgenic Steroids Towards the 
Year 2000. Blackwell-MZV, Vienna, Austria, pp. 141-150. 

22. Wronski TJ, Dann LM, Scott S, Cintron M. 1989 Long-term 
effects of ovariectomy and aging on the rat skeleton. Calcif 
Tissue Int 45:360-366. 

Address reprint requests to: 
Miss R.A. Mason 
Division of Clinical Biochemistry 
Institute of Medical and Veterinary Science 
Box 14 Rundle Mall Post Office 
Adelaide SA 5000, Australia 

Received in original form October 2, 1996; in revised form Febru- 
ary 4, 1997; accepted March 11, 1997. 



REVIEW ARTICLE 

Journal of Gerontology: MEDIC A L SCIENCES In the Public Domain 

2002. Vol. 57A. No. 2. M76-M99 

Andropause: Clinical Implications of the Decline 
in Serum Testosterone Levels With Aging in Men 

Alvin M. Matsumoto 

Department of Medicine, Division of Gerontology and Geriatric Medicine, Population Center for Research in Reproduction, 
University of Washington School of Medicine, and Geriatric Research, Education and Clinical Center, Clinical Research Unit, 

V.A. Puget Sound Health Care System, Seattle. 



IT is now well accepted that serum testosterone (T) levels 
decline progressively with aging in men (1-5). This de- 
cline is associated with alterations in body composition; di- 
minished energy, muscle strength, and physical function; 
reduced sexual function; depressed mood; and decreased 
cognitive function. Similar changes occur in young men 
with androgen deficiency and are improved with T replace- 
ment therapy. However, the physiological and clinical sig- 
nificance of the aging-associated decline in serum T levels 
in men is unclear, particularly because T levels may remain 
within the normal range for young men. From a practical 
clinical standpoint, it is most appropriate to define "andro- 
pause" as an age-related decline in serum T levels in older 
men to below the normal range in young men that is associ- 
ated with a clinical syndrome (i.e., symptoms and signs) 
consistent with androgen deficiency. The decline in T levels 
is a consequence both of aging per se and age-associated co- 
morbid illnesses and medications that are used to treat them 
(6-13). However, regardless of the etiology, androgen defi- 
ciency may contribute, at least in part, to age-related decre- 
ments in physiological function and may be associated with 
a clinical syndrome. 

Andropause has also been referred to by some as "androgen 
deficiency in the aging male (ADAM)," "partial androgen 
deficiency in the aging male (PADAM)," or "aging-associ- 
ated androgen deficiency (AAAD)." The term "male meno- 
pause" is inappropriate because there is no interruption or 
cessation of menses, and "viropause" is inaccurate because 
there is no loss of virilization. "Male climacteric" refers to 
the syndrome of endocrine, somatic, and psychic changes 
that occur in normal men with aging. This term emphasizes 
the multidimensional nature of age-related changes, includ- 
ing decreases in other hormones such as growth hormone 
(GH), insulin-like growth factor- 1 (IGF-1), dehydroepi- 
androsterone (DHEA), and melatonin (1,14-17), but it does 
not relate aspects of the male aging syndrome specifically 
with androgen levels. The term "andropause" is not com- 
pletely accurate because androgen secretion does not cease 
altogether. However, because it is the only term that relates 
the syndrome of age-related physiological changes with the 
gradual and progressive decline in T levels that occurs with 
aging, andropause will be used in this review. Andropause 
is a term also used commonly by experts in the field and by 
lay persons because it retains some analogy to menopause 
in women. 



Physiological Basis of Andropause 

Age- Related Decline in Serum T Levels 

In both cross-sectional (5,6,18-38) and longitudinal stud- 
ies (39-42), beginning in the third decade, aging is associ- 
ated with a gradual and progressive decline in serum T lev- 
els at a rate of approximately 1% per year. As a result, 
~20% of men older than 60 and ~50% of men older than 
80 years of age have serum total T levels below the normal 
range for young men (39,43,44). 

Circulating T is approximately 98% bound to serum pro- 
teins, predominantly to sex hormone-binding globulin (SHBG), 
the major binding protein for T in blood, and albumin (45- 
47). Only 1% to 2% of T in circulation is completely un- 
bound or free. Because T is bound with high affinity (i.e., 
tightly) to SHBG, SHBG-bound T is not available to most 
tissues for action. In contrast, T is bound with low affinity 
(weakly) to albumin, so both albumin-bound and free T are 
bioavailable to most tissues for action. Because the concen- 
tration of SHBG increases with aging, serum-free T and 
bioavailable T (free plus albumin-bound T) concentrations 
decline more markedly than total T levels with aging (13, 
16,20,24,26,27,29,31,33,36,39,41,48). Therefore, a much 
larger percentage of older men have levels of these biologi- 
cally active fractions of circulating T below the normal 
range for young men (39,49). 

Age-related and other alterations in SHBG have impor- 
tant practical clinical implications in the diagnosis of andro- 
gen deficiency. Because total T assays measure both free T 
and T bound to SHBG and albumin, alterations in SHBG 
and/or albumin result in changes in total T levels in the 
same direction. Measurements of bioavailable or free T are 
not affected by alterations in SHBG. Therefore, they pro- 
vide a better assessment of biologically active T in blood, 
especially in common clinical states such as aging in which 
SHBG increases or moderate obesity in which SHBG de- 
creases (47,50-52). 

Because SHBG levels increase with aging, many older 
men with low-normal total T levels have free or bioavail- 
able T levels that are below the normal range for young 
men. Therefore, measurements of bioavailable or free T us- 
ing ammonium sulfate precipitation or equilibrium dialysis, 
respectively, or calculated from measurements of total T 
and SHBG are recommended to diagnose androgen defi- 
ciency in older men. Unfortunately, these measurements of 
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free and bioavailable T are not usually performed in local 
laboratories and are only available through commercial ref- 
erence laboratories. Most local laboratories measure free T 
using a solid-phase direct analog immunoassay kit. Al- 
though free T measurements using this method correlate 
with those using equilibrium dialysis, values obtained differ 
substantially [e.g., by more than an order of magnitude in 
women (53)] from those obtained by equilibrium dialysis or 
calculated from SHBG, and vary directly with alterations in 
SHBG levels (52-56). Therefore, free T measurements us- 
ing direct analog immunoassay kits may not provide useful 
clinical information beyond that of total T levels. They tend 
to underdiagnose older men with androgen deficiency and 
overdiagnose androgen deficiency in men with low SHBG 
levels (e.g., moderately obese men). Free T levels measured 
using a direct analog immunoassay should not be used 
in situations where SHBG levels may be altered (e.g., 
older men). 

Decline in Both Testis Function and Hypothalamic 
GnRH Regulation With Aging 

The decline in serum T levels with aging is due both to 
impaired testis production of T and hypothalamic secretion 
of gonadotropin-releasing hormone (GnRH) resulting in in- 
adequate stimulation of luteinizing hormone (LH) secretion 
by the pituitary gland. 

Older men demonstrate a decrease in the number of Ley- 
dig cells (57-59), the cells of the testis that produce T, re- 
duction in basal T production (60,61), and marked de- 
creased in T secretion by the testis in response to maximal 
stimulation by administration of human chorionic gonado- 
tropin (hCG), an LH-like hormone (62-66). The impact of 
reduced T production on circulating T levels is lessened by 
the decrease in metabolic clearance of T that also occurs 
with aging (35). The normal circadian variation in serum T 
levels with peak concentrations in the morning is blunted in 
healthy older men compared to young men (65,67-72), sug- 
gesting an alteration in the hypothalamic circadian pace- 
maker function. Because of age-related blunting of the nor- 
mal circadian variation in T levels, early morning serum T 
levels are lower but late afternoon values are more similar 
in older compared with young men (23). 

Function of the seminiferous tubule compartment of the 
testis also declines with aging. In older compared with young 
men, spermatogenesis assessed histologically is reduced 
(58,73,74), but ejaculated sperm concentration is unchanged 
or increased as a result of diminished ejaculatory volume 
and frequency (28,75). The number of sperm with normal 
motility and morphology also decreases but in vitro fertiliz- 
ing capacity is relatively well preserved in older men 
(28,76). Despite overall well-preserved fertility potential 
(77) and documented instances of paternity in men older 
than age 90 years, overall fertility rates decline with age 
(78,79), largely as a result of diminished sexual activity 
(80). With older paternal age, the risk of inherited autoso- 
mal dominant diseases increases in offspring (79,81). The 
number of Sertoli cells (57,82), seminiferous tubule cells 
that support spermatogenesis, and serum levels of inhibin B, 
a Sertoli cell peptide product responsible for feedback inhi- 
bition of follicle-stimulating hormone (FSH) secretion from 



the pituitary gland, decrease with aging (83,84). Most of the 
decline of inhibin B levels appears to occur by middle age 
with stable concentrations from middle to old age. 

In both cross-sectional and longitudinal studies, the de- 
cline in serum T levels with aging is associated with a grad- 
ual increase in serum gonadotropins, FSH, and to a lesser 
extent, LH concentrations (19,25,41,85-87). Although go- 
nadotropin levels increase with aging, they often remain 
within the wide normal range for younger men. The result- 
ing hormonal pattern of a low serum T and normal gonado- 
tropin levels suggests concomitant hypothalamic-pituitary 
dysfunction in conjunction with primary testicular failure in 
aging men. Low serum T and normal gonadotropin levels, 
consistent with secondary hypogonadism, are found com- 
monly during the work-up of older men with symptoms of 
androgen deficiency (see below) (88). 

Detailed studies of pulsatile gonadotropin secretion pro- 
vide indirect evidence for age-related alterations in pulsatile 
GnRH secretion from the hypothalamus. Compared with nor- 
mal men, young hypogonadal men with low serum T levels 
demonstrate an increase in LH pulse frequency and am- 
plitude associated with diminished T negative feedback 
(89,90). Compared with young men, healthy older men with 
low serum T levels demonstrate an abnormal LH pulse fre- 
quency, reduced LH pulse amplitude, and more disorderly 
LH secretion, suggesting an age-associated impairment of 
the hypothalamic GnRH pulse generator (71,91-98). Basal 
FSH secretion and pulse amplitude increase, but orderly se- 
cretion of FSH is maintained in older compared with young 
men (99-101). Older men also demonstrate an attenuated 
stimulation of gonadotropin secretion induced by naltrex- 
one or naloxone, opioid receptor antagonists, suggesting 
altered central nervous system (CNS) endogenous opiate 
regulation of GnRH secretion with aging (97,102). The sen- 
sitivity of gonadotropin suppression to T negative feedback 
is increased (103-105), and gonadotropin responsiveness to 
androgen deprivation induced by an androgen receptor an- 
tagonist (flutamide) or androgen synthesis inhibitor (keto- 
conazole) is attenuated in older compared with young men 
(106,107). 

Compared with young men, older men demonstrate slightly 
diminished gonadotropin responsiveness to acute GnRH 
(85,87,108-1 10) but a normal LH response to chronic pul- 
satile GnRH administration (111), suggesting that pituitary 
gonadotropin secretion remains intact with aging. Together, 
these findings suggest that aging is associated with impair- 
ments in both testis function and hypothalamic GnRH regu- 
lation of gonadotropin secretion. 

Age- Related Alterations in Androgen Action and Active 
Metabolism of T 

Besides the limited studies of T negative feedback men- 
tioned previously, a systematic evaluation of age-related 
changes in androgen action in androgen-responsive target 
organs has not been performed. Androgen receptor gene ex- 
pression in the CA1 region of the hippocampus and the 
number of androgen receptor binding sites in genital skin 
are decreased in older compared with young men (1 12-1 14). 
Androgen receptor expression and nuclear androgen recep- 
tor levels in the prostate are unchanged in older men with- 
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out benign prostatic hyperplasia (BPH) and are similar to 
those in young men (115-117). However, prostate androgen 
receptor expression is reduced, and nuclear androgen recep- 
tor levels are increased in older men with BPH compared 
with young men. 

The length of trinucleotide CAG repeats in the androgen 
receptor gene is variable and is associated with differences 
in transcriptional activity, with a shorter CAG repeat length 
associated with greater androgen receptor activity and pos- 
sibly overall greater androgen action (118). In the Massa- 
chusetts Male Aging Study (MMAS), serum total and free T 
levels were found to be associated, with the CAG repeat 
length in the androgen receptor gene (40). Older men with 
lower serum T levels had an androgen receptor genotype 
characterized by a shorter CAG repeat length, suggesting 
overall greater androgen activity. It is hypothesized that, in 
older men with shorter CAG repeat length, increased andro- 
gen action at the level of the hypothalamic-pituitary axis 
may result in greater feedback suppression of gonadotropin 
and, in turn, endogenous T secretion. This may be an intrin- 
sic mechanism that underlies the physiological decline in 
serum T levels with aging. A shorter CAG repeat length in 
the androgen receptor gene also has been associated with an 
increased risk and severity of BPH and prostate cancer 
(119-125) and an earlier age at diagnosis and aggressive- 
ness of prostate carcinoma (126—129). 

Androgen action is not simply a function of androgen re- 
ceptor expression in target tissues and CAG repeat length, 
but involves a complex interaction among androgen ligands 
such as T, the androgen receptor, and tissue-specific coacti- 
vators and compressors with androgen-response elements in 
specific genes (130,131). Age-related alterations of the lat- 
ter and other transcription factors in androgen target tissues 
and their effects on androgen action have not been investi- 
gated. However, the preliminary findings reviewed suggest 
that, in addition to circulating T levels, age-associated 
changes in androgen action may play important roles in the 
alterations of physiological function that occur with normal 
aging and in the pathophysiology of age-related pathologies. 

T is actively metabolized to the potent estrogen, estradiol 
(E2), by the enzyme aromatase, which is located primarily in 
adipose tissue, and to 5 alpha-dihydrotestosterone (DHT), a 
more potent androgen than T, by the enzymes 5 alpha-reduc- 
tase type 1 and 2, which are located predominantly in skin and 
the prostate (132-134). Many of the actions of T are medi- 
ated, at least in part, by its active metabolites, E2 (e.g., 
bone, brain, and lipids) and DHT (e.g., prostate). Despite 
declining T levels, serum total E2 and DHT levels do not 
change or decrease only slightly with aging (24,26,34,37, 
38,135-139). This suggests that, with aging, there is a rela- 
tive increase in aromatization of T to E2 (perhaps due to in- 
creased adipose tissue mass) and 5 alpha-reduction of T to 
DHT and/or reductions in the metabolic clearance of E2 and 
DHT. Because serum SHBG levels increase with aging, se- 
rum bioavailable or free E2 and DHT levels would be ex- 
pected to decrease with aging. The physiological signifi- 
cance of bioavailable E2 and DHT is not clear. However, 
recent studies suggest that bioavailable E2 levels decline 
with aging and correlate better than T with bone mineral 
density in men (26,137,139,140). 



Serum markers of peripheral androgen action such as 3 
alpha-, 17 beta-androstanediol glucuronide (3 alpha-diol G) 
decrease markedly with aging, suggesting an overall decline 
in the total circulating androgen pool (24,138,141). Tissue 
concentrations of DHT decrease within the epithelial com- 
partment and E2 increase within the stromal compartment 
of the normal and BPH prostate gland with aging, empha- 
sizing the importance of active metabolism of T in androgen 
target organs and within specific regions of these organs 
(142-144). 

Age- Related Comorbid Illnesses and Medications 
Suppress Serum T Levels Further 

In addition to the decline in serum T levels associated 
with healthy aging, age-related comorbid illnesses (e.g., 
chronic renal, liver, or pulmonary disease, malignancy) in- 
crease, and the use of certain medications that are often used 
to treat these illnesses (e.g., glucocorticoids and CNS-active 
medications) and malnutrition that is often associated with 
illness suppress serum T levels even further (1 1,12,51,145- 
148). Compared with community-dwelling healthy older men, 
old men with significant illnesses, such as cancer or stroke, 
and those in an inpatient rehabilitation unit or nursing home 
have substantially lower serum T levels (6-10,21). These 
sicker old men also have a higher prevalence of T levels be- 
low the normal range for either healthy young (~60-90%) 
or older men (~20-30%). 

Age- Related Decline in Adrenal Androgens 

Serum concentrations of DHEA, a weak adrenal andro- 
gen that is a precursor of T, decline more rapidly and more 
profoundly than those of T with aging (149-152). This has 
been referred to as "adrenopause." However, the physiolog- 
ical significance of circulating DHEA is unclear at this time. 
Preliminary controlled studies of DHEA treatment failed to 
demonstrate significant clinical effects in older men and 
conflicting effects on general well being (149,153-157). 
Therefore, the term andropause is reserved for the age- 
related decline in T, the major circulating androgen in 
blood. 

Age- Associated Physiological Changes Consistent With 
Androgen Deficiency 

Aging is associated with a number of changes in physio- 
logical functions, many of which are regulated by andro- 
gens. Physiological alterations that are associated with the 
age-related decline in serum T levels include decreased lean 
body mass and muscle mass (predominantly in fast twitch 
type II muscle fibers) (158-174); reduced muscle strength 
and power (164,175-180); decreased physical function, aer- 
obic capacity, and balance (175,181-187); increased risk of 
falls and loss of independent living; increased fat mass dur- 
ing middle to old age, in particular increased amounts of 
visceral adiposity, which is associated with insulin resis- 
tance and increased risk of type 2 diabetes mellitus, hyper- 
tension, and atherosclerotic vascular disease, followed by 
stable or decreased fat mass in very old age (159,188-193); 
decreased bone mineral density (BMD) and increased risk 
of osteoporosis and fractures (194-201); decreased skin 
thickness and body hair, and poor wound healing (202,203); 
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diminished vigor, energy, and general well being; irrita- 
bility and depressed mood (204); decreased sexual func- 
tion (reduced libido, sexual activity, and erectile function) 
(80,205-208); impaired concentration and cognitive func- 
tion (209,210); sleep disturbances and impaired sleep qual- 
ity (21 1,212); and decreased hematopoiesis (213,214). 

Similar alterations in physiological function occur in 
younger hypogonadal men with androgen deficiency and T 
replacement therapy: increases lean body mass, muscle 
mass, and strength; decreases body fat mass; improves en- 
ergy, well being, mood, and libido; increases spontaneous 
erections during sleep (nocturnal penile tumescence) and in- 
duced by sexual thoughts; improves sexual function; and in- 
creases erythropoiesis and hematocrit (215-268). There- 
fore, it is hypothesized that the decline in serum T levels 
with aging contributes, at least in part, to these age-related 
alterations in physiological function, especially in older 
men with serum T levels below the normal range for young 
men. Although not uniform, most descriptive studies find a 
correlation between serum T levels and most of these physi- 
ological functions, independent of age. 

Some descriptive studies find a positive correlation be- 
tween T levels and lean body mass, and muscle mass and 
strength in older men (7,139,269), while others do not (269- 
272), and most studies (273-277) find an inverse correlation 
between T and total or abdominal fat mass, suggesting a re- 
lationship between serum T and age-related alterations in 
body composition and muscle strength. Furthermore, serum 
T levels are lower in men with type 2 diabetes mellitus, and 
low T levels are associated with a higher risk of developing 
type 2 diabetes (278-282). However, many studies investi- 
gating the association of T levels with total or visceral adi- 
posity and diabetes may have been confounded by the use 
of total or free T assays that were affected by SHBG con- 
centrations, which are significantly lower in moderately 
obese men (283,284). 

Most epidemiological studies find a positive correlation 
between free T levels within the physiological range and 
high-density lipoprotein (HDL) cholesterol levels, and an 
inverse correlation between T concentrations and hyperten- 
sion, insulin and glucose levels, prothrombotic factors, ath- 
erosclerotic vascular disease, and the presence or severity of 
coronary artery disease (CAD) (31,285-303). In prospec- 
tive studies, no correlation is found between T levels and 
CAD disease incidence (285). No studies have reported an 
association between T and cardiovascular mortality. There- 
fore, epidemiological studies suggest a protective or neutral 
rather than an adverse effect of T on heart disease risk. 

A relatively weak positive correlation is found between 
free, bioavailable, or total T levels and BMD and fracture 
risk in some studies (137,139,273,304-310), but no correla- 
tion is found in others (140,311-319). In recent studies, a 
stronger correlation is found between bioavailable E2 levels 
and BMD and fracture risk than between T and these out- 
comes, suggesting that the age-related reduction in bioavail- 
able E2 levels may be a more important determinant of bone 
loss with aging in men than T levels (139,140,306,308,31 1, 
318,320,321). The findings of severe osteoporosis in men 
with estrogen resistance or deficiency caused by estrogen 
receptor or aromatase gene mutations, respectively, and an 



increase in BMD with E2 treatment in a man with aro- 
matase deficiency provide strong support for a vital impor- 
tance of E2 in developing and maintaining normal bone 
mass (322-328). In older men, administration of an aro- 
matase inhibitor increases markers of bone resorption, and 
E2 replacement in these men decreases markers of bone re- 
sorption, suggesting an important role for T to E2 conver- 
sion in the prevention of bone resorption (329,330). How- 
ever, men with androgen resistance caused by androgen 
receptor gene mutations have reduced BMD, suggesting 
that androgens also play an important role in the develop- 
ment and maintenance of bone mineral content in men 
(331-333). The specific roles of T and E2 in regulating 
bone turnover were investigated recently in older men with 
T and E2 deficiency (induced by a GnRH agonist plus an ar- 
omatase inhibitor) treated with either physiological T or E2 
replacement (334). E2 but not T was found to be dominant 
in preventing bone resorption, whereas both T and E2 were 
found to be important in maintaining bone formation. Be- 
cause E2 is derived from aromatization of T, it is likely that 
the age-related decline in serum E2 levels is related, at least 
in part, to the reduction in its substrate, T, with aging. Fi- 
nally, low T levels are a risk factor for hip fractures in older 
men (335-337). 

Most descriptive studies also find significant associations 
between T levels and aspects of brain function. In a recent 
study, an inverse correlation was found between bioavail- 
able T and depression score, suggesting a role for T in the 
regulation of mood (338). The correlation between T levels 
and libido and sexual activity is weak (339-345), and such 
an association is not found in some studies (346). This 
is consistent with the findings that relatively low serum T 
levels are required to sustain sexual interest and desire 
(219,347,348). Although androgen deficiency may contrib- 
ute to sexual dysfunction, it is rarely the only or major cause 
of erectile dysfunction in older men. Erectile dysfunction is 
most commonly due to vascular disease, neuropathy, and 
medications (88,349,350). T levels are associated with sleep 
efficiency and architecture (351) and inversely with 
measures of psychosocial stress (352). Finally, a correlation 
between bioavailable T and general or spatial cognitive 
function has been reported, suggesting a potentially very 
important role for T in the maintenance of cognition and 
memory (353-357). 

Given the multifactorial nature of age-related physiologi- 
cal alterations (see below), it is not surprising that there is a 
relatively weak correlation between serum T levels and 
these physiological changes that occur with aging. In fact, 
recent large epidemiological studies suggest that much of 
the age- associated decline in serum T levels is attributable 
to age-related comorbid illnesses- medications, and lifestyle 
(8,13,358-360). 

Multifactorial Etiology of Age- Related 
Physiological Changes 

It would be naive to assume that age-associated androgen 
deficiency is the only cause of the physiological changes 
that occur with aging. As is the case for many geriatric syn- 
dromes, the etiology of most age-related alterations in phys- 
iological function is multifactorial, and many of the factors 
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Figure 1. Schematic diagram of the multiple factors that may con- 
tribute to decreased bone mass and abnormal bone architecture in 
older men. These include low free or bioavailable T and E2 levels, 
low growth hormone (GH) and insulin-like growth factor-1 (IGF-1) 
concentrations, reduced calcium intake, vitamin D deficiency, malnu- 
trition, use of medications that reduce bone mass (e.g., glucocorti- 
coids, or anticonvulsants), decreased exercise or activity, immobility 
(e.g., from severe arthritis), lifestyle (excessive alcohol use or tobacco 
smoking), illnesses that reduce bone mass (e.g., primary or secondary 
hyperparathyroidism or multiple myeloma), and genetic factors that 
influence bone metabolism. Reduced bone mass and abnormal bone 
architecture predispose to fracture following falls or trauma, and 
fractures may cause significant clinical morbidity and mortality [e.g., 
pain, deformity, need for surgery, complications (e.g., deconditioning 
or pneumonia), and loss of function and independence]. 



that contribute to physiological decline are modifiable or 
treatable. Therefore, optimal clinical management of these 
changes requires careful attention to all potential etiological 
factors. For example (Figure 1), in addition to low T levels, 
the age-related decrease in BMD and abnormalities in bone 
architecture may be due to low E2 concentrations; low GH 
and IGF-1 levels; inadequate calcium intake; vitamin D de- 
ficiency; poor nutrition; use of medications (e.g., glucocor- 
ticoids or anticonvulsants); lack of exercise or inactivity due 
to weakness or immobilization (e.g., as a result of severe os- 
teoarthritis); lifestyle (excessive alcohol intake, smoking); 
age-related illness (e.g., primary and secondary hyper- 
parathyroidism, multiple myeloma); predisposing genetic 
background; and/or low peak bone mass during puberty and 
young adulthood as a result of prolonged illness, medica- 
tions, or delayed puberty (361). The latter two potential eti- 
ologies emphasize the need for geriatricians and gerontolo- 
gists to consider aging as starting from conception and 



extending throughout the life span of an individual, not just 
from young adulthood to old age. Finally, it is important to 
recognize the essential contribution of falls and trauma to 
the major clinical consequence of decreased bone mass and 
abnormal bone architecture, fracture, which may lead to 
pain, deformity, need for surgery, and associated complica- 
tions (e.g., deconditioning or pneumonia), and loss of func- 
tion and independent living. 

Interactions among the potential etiological factors that 
contribute to age-related physiological decline increase the 
clinical complexity and highlight the importance of using a 
multifactorial approach in managing older patients. For ex- 
ample, low serum T levels may contribute to reductions in 
E2, GH, and IGF- 1 levels (362), decreased exercise or inac- 
tivity as a result of weakness and/or poor motivation, and 
increased risk of falls related to muscle weakness and poor 
balance. T treatment may increase BMD indirectly by in- 
creasing E2, GH, and IGF-1 levels and physical activity, 
and reducing the likelihood of falls by improving muscle 
strength, balance, and spatial cognition. Conversely, many 
of the factors that decrease BMD (e.g., poor nutrition, medi- 
cations, comorbid illnesses, and excessive alcohol intake) 
also may contribute to the reduction in serum T levels. Cor- 
rection of poor nutrition, discontinuation of certain medica- 
tions such as glucocorticoids, treatment of comorbid ill- 
nesses, and discontinuation of alcohol abuse may increase 
serum T levels and obviate the need for T treatment. In the 
clinical approach to older men with low serum T levels, a 
similar multifactorial evaluation of possible etiological fac- 
tors contributing to other age-related physiological alter- 
ations should be adopted. 

Potential Consequences and Importance of 
Age-Associated Physiological Changes 

Age-associated changes in physiological function have 
important potential consequences, including reduced physi- 
cal function, endurance, and activity; increased risk of dis- 
ease (e.g. coronary heart disease, diabetes mellitus, os- 
teoporosis); diminished quality of life; impaired balance 
and increased risk of falls; impaired ability to regain func- 
tion after an acute illness; and, most importantly, increased 
susceptibility to frailty (2,363). In turn, frailty may lead to a 
loss of independence, chronic disability, and a need for as- 
sisted living or long-term care; severe psychological and so- 
cioeconomic sequelae; and an increase in mortality. 

A major clinical focus of geriatric medicine is the preven- 
tion of frailty. A multifaceted approach is employed to pre- 
vent frailty in elderly persons. This includes interventions to 
prevent acute and chronic diseases (e.g., influenza vaccina- 
tion, smoking cessation); prevent falls and injury (e.g., dis- 
continuation of medications that predispose to falls and hip 
protectors); adequately treat acute and chronic diseases; 
identify and treat conditions that impede recovery of func- 
tion (e.g., delirium and depression); improve physical con- 
ditioning (e.g., aerobic and resistance exercise); improve 
nutritional intake; and replace hormonal loss (e.g., estrogen 
replacement therapy in postmenopausal women). With re- 
gard to the more gradual and less profound age-related de- 
cline in serum T levels, major unanswered clinical questions 
are whether T replacement therapy of older men will im- 
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prove functional status, prevent disease, increase the quality 
of life, and, most importantly, reduce the risk of frailty 
(2,364). 

Potential Benefits and Risks of T Replacement 
Therapy in Older Men 

When considering T replacement therapy in older men, 
the potential benefits of T treatment must be weighed 
against the possible risks (365). The potential benefits and 
risks of T replacement therapy in older men (Table 1) are 
based mostly on the clinical studies of the effects of T re- 
placement in severely androgen-deficient, young, hypogo- 
nadal men (discussed in the previous section) and a small 
number of controlled trials of T treatment in older men (dis- 
cussed in the following section). 

Potential benefits of T replacement therapy in older men 
include increased lean body mass; decreased fat mass and 
visceral adiposity, and reduced risk of diabetes mellitus; in- 
creased muscle mass and strength; increased BMD and re- 
duced risk of osteoporosis and fractures; increased body 
hair and skin thickness, and improved wound healing; im- 
proved physical function, aerobic capacity, and balance; im- 
proved libido and sexual function; improved feeling of well 
being and improved energy; reduced irritability and de- 
pressed mood; improved concentration and cognitive func- 
tion; improved sleep quality; increased hematopoiesis and 
hematocrit; and decreased risk of CAD. 

Short-term risks of T administration in older men include 
stimulation of erythropoiesis, resulting in excessive erythro- 
cytosis and, if severe, increased blood viscosity and risk of 
thrombotic complications (e.g., stroke and myocardial in- 
farction); induction or worsening of obstructive sleep ap- 
nea; worsening of peripheral edema; and development of 
gynecomastia. 

The most concerning long-term potential risk of T admin- 
istration in older men is the stimulation of previously unrec- 
ognized local or metastatic prostate cancer (366). Prostate 



Table I. Testosterone Treatment in Older Men: Potential Benefits 
and Risks 



Potential Benefits 



Potential Risks 



Improve body composition 
T Lean body mass 
4 Fat mass, i visceral fat 
T Muscle mass and strength 
T BMD, i fractures 
T Hair, skin thickness 
T Physical function 

Improve brain function 

T Libido, sexual function 
T Well being, energy 
i Irritability, depression 
T Cognitive function 
T Sleep quality 

Increase hematocrit 

Decrease cardiovascular risk 



Erythrocytosis, hyperviscosity 

Induce or worsen sleep apnea 

Worsen edema 

Gynecomastia 

Clinical prostate disease 

Worsen BPH requiring intervention 
Hasten clinical prostate cancer 

Suppress sperm production 

Increase cardiovascular risk 



Notes: t Signifies a potential increase or improvement in the endpoint with 
testosterone treatment. 4 Signifies a potential decrease or reduction in the end- 
point with testosterone treatment, BMD = bone mineral density; BPH = benign 
prostatic hyperplasia. 



cancer is the most common malignancy in men, and many 
older men harbor microscopic foci of prostate cancer that do 
not become clinically apparent during their lifetime (367). 
In most (368-370) but not all (371) epidemiological studies, 
serum T levels were not associated with a risk of prostate 
cancer. However, because prostate cancer growth is initially 
androgen-dependent, there is concern that T treatment of 
older men will stimulate growth of preexisting subclinical 
(microscopic) prostate cancer to; become clinically detect- 
able. This concern is heightened by reports that find a high 
prevalence of prostate cancer (~25%) on surveillance biop- 
sies of older men with low serum T, and normal prostate- 
specific antigen (PSA) levels and digital rectal examina- 
tions (372,373). However, biopsies were not performed in 
an age-matched control group of men with normal T levels 
in these studies, and in other studies, the prevalence of pros- 
tate cancer in older men with normal PSA levels and digital 
rectal examinations is comparable to those found in these 
reports (374). As a consequence of more intensive monitor- 
ing of digital rectal examinations and PSA levels, another 
underappreciated potential risk of T treatment in older men 
is the increased likelihood of detecting subclinical localized 
prostate cancer for which treatment is unclear. Even if sub- 
clinical disease discovered on biopsy does not affect overall 
prognosis, the potential medical, surgical, psychological, 
socioeconomic, legal, and ethical consequences of a diagno- 
sis of subclinical prostate disease may be quite great. 

Benign prostate growth is also androgen-dependent 
(375,376). At the time of puberty, prostate size increases in 
response to the increases in endogenous T production. Pa- 
tients with severe prepubertal androgen deficiency have 
small, underdeveloped prostate glands, and if left untreated, 
these men do not develop BPH. Long-term T treatment of 
young hypogonadal men increases prostate size to vol- 
umes that are comparable to age-matched eugonadal men 
(377,378). In men with BPH, treatment with a 5 alpha- 
reductase inhibitor (e.g., finasteride, which inhibits the con- 
version of T to the potent androgen DHT) decreases pros- 
tate size, improves urine flow, reduces symptoms of BPH, 
and decreases the need for BPH-related surgery (379). 
Therefore, another potential long-term risk and concern of T 
treatment in older men is the stimulation of BPH growth 
and worsening of symptoms, urine flow, and urinary reten- 
tion that may require invasive intervention, such as a tran- 
surethral resection of the prostate (TURP). 

Although rarely an issue, T replacement may suppress al- 
ready compromised sperm production in older men and po- 
tentially reduce fertility. Men have a higher risk of CAD 
than women. Also, treatment of severely androgen-defi- 
cient, young, hypogonadal men with physiological T dos- 
ages and eugonadal men with supraphysiological T dosages 
decreases HDL cholesterol levels, producing a more athero- 
genic profile (286,380-385). Therefore, there is concern by 
some thatT replacement in older men may increase the risk 
of cardiovascular disease. As discussed previously, most 
epidemiological studies suggest that low T levels are associ- 
ated with an increase in the prevalence and severity of CAD 
in men. However, in the absence of long-term studies to 
evaluate the effects of T on major cardiovascular outcomes 
such as coronary death, myocardial infarction, and stroke, 
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the possibility remains that T therapy in older men may in- 
crease cardiovascular disease risk. 

Clinical Trials of T Therapy in Older Men 

Relatively few randomized controlled studies have been 
reported that investigate the effects of T treatment in older 
men (386-423). In these studies, a variety of T formulations 
and dosages were used to treat a relatively small number of 
mostly healthy older men, and differing methods were used 
to assess outcomes. However, these preliminary controlled 
studies suggest that T treatment in older men has beneficial 
effects on body composition (increase in lean body mass 
and decrease in fat mass), bone mineral density, LDL cho- 
lesterol, angina and exercise-induced cardiac ischemia, and 
possibly on muscle strength, sexual function, general well 
being, and aspects of cognitive function (Table 2). 

No formal evaluation of the dose-response effects of T 
treatment on relevant outcomes has been performed in older 
compared to young, androgen- deficient men. Therefore, the 
impression that the effects of T treatment are attenuated in 
older men relative to young men is not supported by evi- 
dence. Also, most studies have been performed on relatively 
healthy older men with T levels in the lower part of the nor- 
mal range or slightly below normal. Therefore, it is difficult 
to compare the effects of T therapy in these studies of 



Table 2. Testosterone Treatment of Older Men: Summary of 
Controlled Studies 



Benefits 



Risks 



T 
i 

T 

TAi 



t/n 



Lean body mass 
Fal mass 

Grip and leg strength 
BMD (if low T initially) 

? i Fractures 
Sexual function, well being 

T Libido 

tj Erectile dysfunction 

T Well being. ? i depression 
Cognitive function 

T Spatial, working memory 

T Verbal memory 

tj Visual memory 

? Slow dementia onset 
Total and LDL cholesterol 
Angina and exercise ischemia 

?i Cardiovascular events 
t Physical function 
i Frailty 
T Quality of life 



T Hematocrit, risk of erythrocytosis 

tj Sleep apnea 

tj Clinical prostate disease 
tj BPH symptoms, size, 

urine flow 
T/tj PSA(<4ng/ml) 
? T BPH intervention 
? T Clinical prostate cancer 

T) HDL cholesterol 

? T Cardiovascular events 



Notes: Composite of benefits and risks of testosterone treament in older men 
derived from references (385—422). T Signifies that most controlled studies 
found an increase in the endpoint with testosterone treatment. X Signifies that 
most controlled studies found a decrease in the endpoint with testosterone treat- 
ment, tj Signifies that most controlled studies found no change in the endpoint 
with testosterone treatment. T/tj Signifies that some controlled studies found an 
increase and others found no change in the endpoint with testosterone treatment. 
? Signifies thai controlled studies have not been performed to address the end- 
point sufficiently. BMD = bone mineral density; LDL = low-density lipopro- 
tein; BPH = benign prostatic hyperplasia; PSA = prostate-specific antigen; 
HDL = high-density lipoprotein. 



mildly androgen-deficient older men to those found in stud- 
ies of more severely T-deficient young men. 

Beneficial Effects ofT Therapy in Studies of Older Men 
In most controlled trials of older men, T treatment re- 
sulted in improvements in body composition. In both con- 
trolled (388,390,401,405,406,415,417,418,424) and uncon- 
trolled (425) studies, the most consistent effects of T 
therapy in older men were an increase in lean body mass 
and/or a decrease in total fat mass. One study found a de- 
crease in visceral fat mass and improvement in insulin sen- 
sitivity with T treatment (406). The effects of T supplemen- 
tation in older men on muscle strength were more variable. 
Some studies found an increase in upper extremity grip 
strength (408,415,424), and one uncontrolled study found 
an increase on lower extremity strength with T therapy 
(425). However, other carefully performed controlled stud- 
ies found no increase in either upper or lower extremity 
strength with T treatment of older men (388,391,394,405, 
417,418). The lack of consistent effects of T therapy on 
muscle strength may be due to differences in the methods 
used to assess strength and the dosages and duration of T 
that were administered. In a preliminary report, timed walk- 
ing and stair climbing improved in older men with short- 
term T administration (391). Self-assessment of physical 
function was maintained in older men treated with transder- 
mal T compared to placebo for 3 years (417). Supraphysio- 
logical but not physiological T administration also has been 
reported to increase the secretion of another anabolic hor- 
mone, GH, in older but not young men (398). No controlled 
studies have investigated systematically the effect of T ther- 
apy in older men on muscle power, balance, or endurance, 
which together with strength play important roles in the 
maintenance of physical function in older men. 

Controlled studies in which T was administered for at 
least 1 year demonstrated an increase in lumbar spine and 
hip BMD and prevention of bone loss in the femoral neck 
with T compared to placebo treatment in older men with 
low T levels (388,405,424). In one study, T prevented loss 
of BMD in the femoral neck despite calcium and vitamin D 
supplementation in all subjects (405). In another study that 
included older men with normal serum T levels and in 
which some but not all subjects received calcium and vita- 
min D (if dietary intake was inadequate), both T- and pla- 
cebo-treated men exhibited an increase in BMD without a 
significant difference in response between the two groups 
(416). However, further analysis revealed that T treatment 
increased BMD in older men who had low serum T levels 
(<300 ng/dl) at baseline, suggesting that a beneficial effect 
of T treatment on BMD may occur only in older men with 
androgen deficiency. These studies emphasize the impor- 
tance of considering other etiologies besides low T levels 
that may contribute to clinical manifestations consistent 
with androgen deficiency in older men (e.g., low calcium 
intake and vitamin D deficiency in older men with low 
BMD) (426). No controlled studies have evaluated the ef- 
fect of T on bone architecture or the risk of falls that to- 
gether with BMD contribute to the age-related increase in 
the risk of fractures in men. Furthermore, no studies have 
investigated sufficient numbers of older men for long 
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enough (i.e., had sufficient statistical power) to determine 
whether T treatment decreases the incidence of fractures in 
older men. 

T treatment in older men increased libido and sexual ac- 
tivity and improved energy and well being in some con- 
trolled studies (400,406,410,413,418,419) but not in others 
(388,389,403,404,408,415,417). An uncontrolled trial also 
reported improvements in energy, mood, well being, libido, 
and sexual activity (427). One controlled study found no ef- 
fect of T therapy on clinical depression in older men (415). 
Other studies have not investigated the effect of T on de- 
pression in older men. In a recent small, double-blind, ran- 
domized, placebo-controlled study of depressed hypogo- 
nadal middle-aged men, short-term T administration (6 
weeks) improved sexual function but did not improve de- 
pression scores compared to placebo (266). In preliminary 
placebo-controlled studies, certain domains of cognitive 
function, specifically spatial, verbal, and working memory, 
improved with T treatment in older men (392,403,404) but 
had no effect on general memory, recall, or verbal fluency 
(415). In one preliminary study, very short-term T adminis- 
tration (5 days) prevented the improvement in verbal flu- 
ency observed in placebo-treated older men (423). Studies 
have not investigated whether T treatment will slow the on- 
set of clinical dementia in older men. 

Most controlled studies of T therapy in older men found a 
decrease in total and low-density lipoprotein (LDL) choles- 
terol with no significant effect on high-density lipoprotein 
(HDL) cholesterol (393,406,408,415,418,420,424). T treat- 
ment inhibited triglyceride uptake and lipoprotein lipase ac- 
tivity in abdominal but not femoral subcutaneous adipose 
tissue depots (407). In several small, randomized, placebo- 
controlled studies of middle-aged to older men with coro- 
nary heart disease, chronic T treatment decreased angina 
and exercise-induced cardiac ischemia (i.e., increased the 
time to ST segment depression during exercise testing) 
(397,402,414,428). Also, acute intravenous administration 
of T during cardiac catheterization was shown to improve 
exercise-induced ischemia in older men with CAD, proba- 
bly by inducing coronary artery vasodilation (411,412, 
421,422). Subjects with angina also reported significant im- 
provements in quality of life, especially in pain perception 
and limitation resulting from physical problems (397). 
Therefore, in contrast to the general perception that andro- 
gens are bad for the heart, T administration may have bene- 
ficial effects in older men with cardiovascular disease. No 
clinical trials have studied sufficient numbers of men for 
long enough periods of time to evaluate the effects of T re- 
placement in older men on major cardiovascular events, 
such as cardiac death, myocardial infarction, or stroke. 

In a recent small controlled study, T treatment improved 
physical functional status, grip strength, and mood com- 
pared to placebo in a small number of relatively frail older 
men undergoing rehabilitation on a Geriatric Evaluation and 
Management unit (387). In older men undergoing elective 
knee or hip arthroplasty, serum T levels were suppressed sig- 
nificantly postoperatively in men treated with placebo, and 
perioperative supraphysiological T administration tended to 
improve postoperative strength, physical function, and he- 
matocrit (386). More significant improvements in muscle 



strength and physical function, and reduction in hospitaliza- 
tion and rehabilitation duration were probably not observed 
in this study because the subjects studied were healthy, in- 
dependently living, older men who were functioning at a 
relatively high level prior to surgery. 

Except for the limited studies mentioned, the effects of T 
replacement on physical function, health-related quality of 
life, and the prevention of frailty have not been investigated 
fully in older men. The prevention of frailty is an important 
potential goal of T treatment in older men. The frail older 
population is at high risk for disability, loss of indepen- 
dence, and long-term care, and they utilize a major propor- 
tion of health care resources and dollars. Compared with 
healthy older men, frail older men have lower serum T lev- 
els and may derive more functional benefit from T treat- 
ment. 

Adverse Effects of T Replacement in Studies of 
Older Men 

In controlled studies of up to 3 years in duration, T ther- 
apy in older men has been tolerated very well. The only ad- 
verse effect that has been found consistently in controlled 
trials of T treatment in older men is stimulation of excessive 
erythrocytosis. However, a major caveat is that studies have 
been powered insufficiently to evaluate the long-term risks 
of T therapy on prostate and cardiovascular disease, and 
therefore these potential risks remain unknown. 

Stimulation of erythropoiesis and an increase in hemat- 
ocrit of 3% to 5% over baseline has been found in most con- 
trolled trials of T treatment in older men. The development 
of erythrocytosis (hematocrit over 51%) during T therapy 
has been reported in 6% to 25% of older men (394,395, 
399,402,415,416,418). Erythrocytosis has occurred in older 
men with both parenteral and transdermal T administration, 
but it has been less common with the latter (397,405). This 
may be related to the supraphysiological T levels that are 
produced during the first few days following T ester injections 
and overall higher mean serum T concentrations compared 
with the more physiological T levels that are produced with 
the use of T patches or gel. An excessive increase in hemat- 
ocrit of more than 55% to 60% results in a substantial in- 
crease in blood viscosity and, if untreated, may result in sig- 
nificant hyperviscosity and an increased risk of thrombotic 
complications. The latter, more serious complications of ex- 
cessive erythrocytosis have not been observed in T treat- 
ment trials in older men. 

Although T administration has been reported to induce or 
worsen obstructive sleep apnea syndrome in younger hy- 
pogonadal men (429,430), this complication has not been 
reported in clinical trials of T therapy in older men (416). 
Obstructive sleep apnea may be associated with low serum 
T concentrations (431,432). Therefore, older men with risk 
factors (e.g., obesity) or symptoms of obstructive sleep ap- 
nea (e.g., daytime somnolence and snoring) should be eval- 
uated for symptoms of sleep apnea prior to institution of T 
treatment and should be monitored for this potentially seri- 
ous risk during therapy. Validated instruments, such as the 
Berlin Questionnaire or Epworth Sleepiness Scale, may be 
used for screening and monitoring (433-436). 

The most worrisome potential risk of T replacement ther- 
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apy in older men is the induction of clinical prostate disease. 
Most (368,369,437) but not all (371,438,439) descriptive 
studies have failed to find a significant relationship between 
endogenous T levels and the development of BPH or pros- 
tate cancer. In controlled trials, there has been no significant 
increase in prostate size, worsening of BPH symptoms, or 
reduction in urine flow rate in T-treated compared with pla- 
cebo-treated older men (386,388,399,400,405,406,415,416, 
418). In some trials of T therapy in older men, serum PSA 
levels increased slightly, mostly within the normal range 
(below 4 ng/ml) (392,405,408,416,418), but in most studies, 
PSA did not change significantly during T treatment. No in- 
crease in the need for invasive or surgical therapy for BPH 
or incidence of clinically apparent prostate cancer has been 
reported. However, the total number of men treated with T 
and length of exposure have been limited, and studies have 
not had the statistical power to evaluate the long-term risks 
of clinical BPH and prostate cancer in older men treated 
with T. 

In contrast to the suppression of HDL cholesterol that oc- 
curs with T replacement in younger men with severe hypo- 
gonadism and supraphysiological T administration in young 
eugonadal men (286,380-385), most controlled trials of T 
treatment in older men have not found a significant decrease 
in HDL cholesterol (393,406,415,418,420). As mentioned 
previously, total and LDL cholesterol decreased in most 
studies (393,406,418,420) and were unchanged in the re- 
maining trials (394,415) during T therapy of older men. As 
with prostate disease, clinical trials have not investigated 
the long-term cardiovascular risk of T replacement treat- 
ment in older men. They have not had sufficient statistical 
power to determine whether T treatment affects the rates of 
major cardiovascular events such as coronary death, myo- 
cardial infarction, and stroke. 

Other known adverse effects of T therapy in younger hy- 
pogonadal men, such as development or worsening of 
edema, especially in men with underlying edematous states 
(e.g., congestive heart failure, hepatic cirrhosis, nephrotic 
syndrome, and renal failure), gynecomastia, especially in 
moderate obese men, and suppression of spermatogenesis 
have not been reported in clinical trials of older men. 

Approach to the Diagnosis of Androgen Deficiency 
in Older Men 

Although an increasing proportion of men exhibit low se- 
rum T levels with increasing age, a substantial number of 
older men maintain T levels within the normal range. These 
individuals may exhibit clinical manifestations consistent 
with androgen deficiency. It may be argued that they have 
relative androgen deficiency (i.e., a significant age-related 
decline in T levels within the wide normal range) contribut- 
ing to their clinical manifestations. However, the clinical 
manifestations of androgen deficiency are not specific and 
are usually multifactorial in nature, and there is no evidence 
that these men would benefit from T therapy. Furthermore, 
the clinical significance of slightly low serum T levels in the 
absence of clinical manifestations consistent with androgen 
deficiency is not clear. Therefore, the diagnosis of andro- 
pause requires both the presence of clinical manifestations 
or a clinical syndrome, and confirmed serum-free or bio- 



available T levels below the normal range for younger men. 
A rational approach to the diagnosis of androgen deficiency 
in older men is outlined in Figure 2 and is discussed in the 
following sections. 

The Clinical Syndrome of Androgen Deficiency in 
Older Men 

In order to define a clinical syndrome associated with low 
T and to identify older men at high risk for low serum T lev- 
els, two screening instruments were developed recently. 
The ADAM questionnaire is a symptom-based instrument 
that identifies older men with symptoms of low T, with 88% 
sensitivity and 60% specificity (49). Symptoms associated 
with low serum T levels in this questionnaire are reduced li- 
bido; lack of energy; decreased strength and/or endurance; 
loss of height; decreased enjoyment of life; feeling sad and/ 
or grumpy; reduced strength of erections; decreased ability 
to play sports; falling asleep after dinner; and reduced work 
performance. This symptom complex is similar to that re- 
ported by others for the androgen deficiency in older men 
(440-^443). The MMAS questionnaire is an epidemiology- 
derived instrument that identifies risk factors for low T lev- 
els in older men, with 75% sensitivity and 50% specificity 
(444). Risk factors that are associated with low total T lev- 
els include age of 60 years or older; treated diabetes melli- 
tus; treated asthma (a surrogate for glucocorticoid use); 
sleeplessness (<5 hours); nonsmoking; headaches in the 
past 2 weeks (a surrogate for stress); low dominance (dis- 
like of a directing role); and body mass index (BMI) 27-30 
or >30. 

A combination of symptoms and risk factors may better 
identify individuals with low T levels. Therefore, a compos- 
ite of the most prominent clinical manifestations of andro- 
gen deficiency in older men is presented in Table 3. Symp- 
toms of androgen deficiency in older men include decreased 
muscle strength and/or endurance; diminished work and/or 
athletic performance; loss of height; history of nontraumatic 
fracture; decreased pubic and axillary hair; reduced physical 
function; diminished sexual interest and desire; decreased 
strength and adequacy of erections; fatigue, tiredness, and 
lack of energy; irritability; depressed mood; decreased gen- 
eral well-being and enjoyment of life; sleep disturbance; 
sweats; and hot flushes. Signs include decreased muscle 
mass and strength; increased visceral adiposity; low BMD 
[osteoporosis or BMD < —2.5 SD below that of young men 
(T-score < —2.5) or osteopenia (T- score — I to —2.5)]; ver- 
tebral and/or hip fracture; decreased pubic and axillary hair; 
depressed mood; decreased testis size; gynecomastia; and a 
norrnocytic, normochromic anemia. 

Repeated Low Serum T Levels in the Absence of 
Reversible or Remediable Causes 

If clinical manifestations suggest androgen deficiency, an 
early morning (e.g., 8 AM) T level should be measured to 
confirm low serum T levels. In order to avoid the confound- 
ing effects of alterations in SHBG levels on total T, a free or 
bioavailable T level by equilibrium dialysis or ammonium 
sulfate, respectively, is recommended for confirmation of 
androgen deficiency in older men (52,445,446). Alterna- 
tively, free or bioavailable T levels may be calculated from 
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History (symptoms) 
Examination (signs) 
Osteoporosis (low BMD) 



T in morning 
(free or bioavailable T preferred) 



No further work-up for T 
deficiency 



Normal T 



✓ Illness, drugs, malnutrition, 
and correct 



Monitor symptoms + T 



Repeat T + LH, FSH 



I 



Very low T 
Low LH. FSH 



LowT 
Normal LH. FSH 



LowT 
High LH. FSH 



Normal LH. FSH 



Prolactin, iron. MRI/CT 



Prolactin, iron 



Consider T replacement therapy 



Potential benefits: 
Muscle strength 
BMD. ? fractures 
Sexual function, mood 
? Coronary disease 



> 



Potential Risks: 
Erythrocytes 
Sleep apnea, edema 
? Prostate (BPH, cancer) 
? Coronary disease 



Contraindications: 
Prostate, breast cancer 
Severe, untreated BPH 
Untreated sleep apnea 
Erythrocytosis 



Figure 2. Approach to the diagnosis and treatment of androgen deficiency in older men. Diagnostic evaluation for androgen deficiency in 
older men should be instituted only in individuals with symptoms and signs consistent with androgen deficiency. Initially, androgen deficiency 
should be confirmed with the measurement of a morning serum-free or bioavailable T level. Individuals with an initially low free or bioavailable 
T level should be evaluated for remediable causes of androgen deficiency (e.g., illness, medications, or malnutrition) and have serum T levels re- 
peated in conjunction with gonadotropin (luteinizing hormone [LH] and follicle-stimulating hormone [FSH]) levels. Men who demonstrate sec- 
ondary hypogonadism (low T and normal to low gonadotropin levels) should have measurements of serum prolactin and iron to rule out hyper- 
prolactinemia and hemochromatosis. Imaging of the hypothalamus and pituitary to rule out a tumor or destructive lesion should be reserved for 
men with very low T and low gonadotropin levels, and/or those with markedly elevated prolactin levels (e.g., >100 ng/ml). T replacement ther- 
apy should be considered in men with clinical manifestations of androgen deficiency and repeatedly low serum T levels after appropriate correc- 
tion or treatment of remediable causes, and if the clinician and patient feel that the potential benefits of treatment outweigh the potential risks, 
and there are no contraindications. BMD = bone mineral density; MRI/CT = magnetic resonance imaging/computed tomography; BPH = be- 
nign prostatic hyperplasia. 



total T and SHBG measurements; calculated values are 
comparable to those measured by equilibrium dialysis and 
ammonium sulfate precipitation methods (52). 

Because total T assays and free T by direct analog immu- 
noassay vary with alterations in SHBG levels, they are not 
recommended (52,53,55,56,446). However, these assays are 
usually the only ones that are currently available in local 
clinical laboratories. If total T or free T using direct analog 
immunoassay method is used initially to evaluate older men 
with clinical manifestations of androgen deficiency, values 
that are in the low-normal to moderately low range (e.g., to- 
tal T of 350-200 ng/dl) should be confirmed with a free or 
bioavailable T level measured using a more accurate 
method. Unless SHBG levels are very low (e.g., nephrotic 
syndrome), total T levels <200 ng/dl in the presence of con- 
sistent clinical manifestations are usually diagnostic of an- 
drogen deficiency. 



In younger hypogonadal men, T levels below the normal 
range are usually associated with symptoms of androgen de- 
ficiency. Therefore, the normal range in younger men is 
used as the reference range for older men as well. This ap- 
proach is analogous to that used for the interpretation of 
BMD where values are compared to those in younger men 
(T-score or SD from young controls) and are used to define 
a clinically significant BMD that is associated with an 
increased risk of fracture (e.g., osteoporosis defined as a 
T-score <— 2.5). 

If the initial serum T level is low, evaluation of underly- 
ing acute and chronic illnesses, medications, and nutritional 
state should be undertaken to determine whether there are 
reversible or remediable causes of low T levels. In these in- 
stances, T level should be repeated after the stress of a cur- 
rent or recent illness is resolved, medications that may 
lower T (e.g., glucocorticoids or CNS-active drugs) are dis- 
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Table 3. Androgen Deficiency in Older Men: 
Clinical Manifestations 



Symptoms 

i Muscle strength and/or endurance 

i Work and/or athletic performance 

Loss of height, history of fractures 

i Pubic and axillary hair 

I Physical function 

I Sexual interest and desire 

1 Strength of erections 

Fatigue, tiredness, lack of energy 

Irritability, depressed mood 

I Well-being, enjoyment of life 

Sleep disturbances 

Sweats, hot flushes 



Signs 

I Muscle mass and strength 
T Visceral adiposity 
Low BMD (osteoporosis) 
Vertebral and/or hip fracture 
i Pubic and axillary hair 
Depressed mood 
i Testis size 
Gynecomastia 

Normocylic, normochromic anemia 



Notes: Composite of symptoms and signs from references (49,438^142). 
BMD = bone mineral density. 



continued, and nutritional compromise (e.g., associated 
with illness) is corrected. 

If no correctable cause of androgen deficiency is found, a 
T level should be repeated together with serum gonadotro- 
pin (LH and FSH) levels. There are significant biological 
and methodological variations in serum T measurements 
such that as many as 1 5% of healthy young men may have a 
T level below the normal range in a 24-hour period (447). 
Older men with initially low T values may have normal lev- 
els on a subsequent blood sample. Therefore, before com- 
mitting someone to T replacement therapy, a repeat serum T 
level should always be obtained to confirm androgen defi- 
ciency. 

If the initial serum-free or bioavailable T level is within 
the normal range in a man with symptoms and/or signs of 
androgen deficiency, the patient's clinical status and serum 
T levels should be monitored on follow-up visits. Finally, 
because clinical manifestations of androgen deficiency usu- 
ally have multiple etiologies in older men, evaluation and 
appropriate treatment of other causes of clinical findings 
should be undertaken concomitantly with the work-up for 
androgen deficiency. 

Further Evaluation of Older Men With Low T Levels 

If the repeated serum-free or bioavailable T level is low 
and is associated with inappropriately normal or low go- 
nadotropin levels (i.e., a hormonal pattern of secondary hy- 
pogonadism) serum prolactin and iron should be obtained to 
rule out hyperprolactinemia and hemochromatosis (iron 
overload), both of which can suppress gonadotropin and T 
secretion. In individuals with very low T (e.g., total T < 
150 ng/dl) and low gonadotropin levels, and/or those with 
markedly elevated prolactin levels (e.g., >100 ng/ml), an 
MRI or CT scan of the hypothalamus and pituitary should 
be performed to rule out a tumor or destructive lesion in this 
area (448). Men with hyperprolactinemia, hemochromato- 
sis, or hypothalamic-pituitary tumor or destructive lesion 
should be treated appropriately with consultation from an 
endocrinologist. In the absence of these conditions, and in 
older men in whom repeated serum T level is low and is as- 



sociated with elevated gonadotropin levels, T replacement 
treatment should be considered. If the repeat serum-free or 
bioavailable T and gonadotropin levels are within the nor- 
mal range, the patient's clinical status should be monitored 
together with serum T levels. 

Consideration of T Treatment in Older Men With 
Repeatedly Low T Levels 

The state of knowledge regarding the benefits and risks 
of T treatment in older men is based on a limited number of 
short-term controlled studies (3,449^153). No controlled 
studies have evaluated the long-term benefits and risks of T 
therapy in older men. Therefore, there are insufficient data 
to formulate firm evidence-based clinical guidelines and 
general recommendations for T therapy in older men. Rou- 
tine treatment of older men cannot be recommended at this 
time. After a thorough assessment and discussion of poten- 
tial benefits and risks of T therapy, individual practitioners 
must rely on sound clinical judgment and informed patient 
preferences before deciding to recommend and prescribe T 
treatment for older men with clinical manifestations consis- 
tent with androgen deficiency and repeatedly low serum T 
levels. 

As outlined in Figure 2, T therapy should be considered 
only in older men with clinical manifestations of androgen 
deficiency and repeatedly low serum T levels, in whom re- 
mediable causes of low T have been corrected or treated 
appropriately. This approach is consistent with that rec- 
ommended by consensus panels of experts in the field 
(446,454). T treatment should be instituted in these men if 
both the clinician and the patient feel that the potential ben- 
efits (e.g., severe muscle weakness, osteoporosis, or alter- 
ations in sexual function or mood) of treatment outweigh 
the potential risks (e.g., erythrocytosis and prostate disease) 
and if no contraindications exist. Absolute contraindications 
to T therapy are prostate and breast cancer, and relative con- 
traindications are untreated BPH with severe bladder outlet 
obstruction, untreated obstructive sleep apnea syndrome, 
and erythrocytosis. 

T Therapy and Monitoring in Older Men 

Baseline Evaluation and Goals of T Replacement 

Prior to institution of T therapy, a careful baseline clinical 
evaluation should be performed in order to determine 
whether there is a history of: prostate or breast cancer, or 
family history or risks for these androgen-dependent malig- 
nancies; severe symptoms of BPH [e.g., using the Interna- 
tional Prostate Symptom Score (IPSS) or American Urolog- 
ical Association (AUA) Symptom Score] or sleep apnea 
(e.g., using the Berlin Questionnaire or Epworth Sleepiness 
Scale); an abnormal digital rectal examination (e.g., indura- 
tion or nodule) requiring prostate ultrasound and biopsy; 
erythrocytosis (hematocrit >52); or an elevated PSA level 
>4 ng/ml (after empiric treatment for prostatitis and repeat 
PSA determination). 

In the absence of knowledge regarding the dose-response 
effects of T treatment and lack of evidence for altered an- 
drogen requirements in older men, a reasonable goal of T 
replacement is to restore serum T levels into the mid-normal 
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range for younger men and to alleviate the clinical manifes- 
tations of androgen deficiency. 

Preparations Available and Under Development for T 
Replacement Therapy 

There are several formulations available for T replace- 
ment therapy in older men (455,456). The most commonly 
used preparations for T replacement are parenteral 17 beta- 
hydroxy-esters of T, T enanthate, or cypionate, usually 
administered by intramuscular injections at a dosage of 
150-200 mg every 2 weeks (457). These T esters are safe, 
effective, and the least expensive formulation available for 
androgen replacement therapy. However, serum T levels 
rise to supraphysiological levels during the first few days 
following injection of T esters and fall into the low-normal 
range or below normal just before the next injection. The 
extreme variations in T levels between injections are often 
accompanied by fluctuations in energy, libido, and mood 
that may be bothersome to patients. Transient supraphysio- 
logical T levels and overall higher average T levels during 
treatment with T esters may be associated with a higher in- 
cidence of side effects, such as erythrocytosis. It is possible 
that low-dosage androgen supplementation with T enan- 
thate or cypionate (e.g., 50-100 mg every 2 weeks) may 
have beneficial effects (e.g., on libido, energy, and well- 
being) without these side effects (458), but this has not been 
evaluated in controlled clinical trials. 

Three transdermal T patches are available for T replace- 
ment therapy (459,460). They require daily application but 
provide more physiological serum T levels (usually in the 
low- to mid-normal range) than T ester injections. T patches 
have the advantage that treatment may be discontinued rap- 
idly if adverse effects were to develop in older men, but 
they are more expensive than replacement with T ester in- 
jections. The Testoderm® patch (Alza, Palo Alto, CA) is 
effective but requires application to a clean, dry, often 
shaven scrotum, and many men find this site of application 
unacceptable (218). This patch also produces high serum 
DHT levels, probably as a result of high 5 alpha-reductase 
activity in scrotal skin. The clinical consequences of high 
DHT levels, however, are not known. The Androderm® 
patch (Watson, Corona, CA) may be applied to nonscrotal 
skin, but the adhesive and/or enhancing agents used in this 
patch may cause significant skin irritation (461-463). Skin 
irritation may be reduced by coapplication of a glucocorti- 
coid cream such as triamcinolone (464). The Testoderm 
TTS® patch (Alza, Palo Alto, CA) is also applied to non- 
scrotal skin and causes much less skin irritation because it 
has less adhesive and does not use enhancing agents (465). 
However, it is larger than the Androderm patch and may ad- 
here poorly to skin, especially with vigorous exercise or ex- 
cessive sweating, resulting in lower serum T levels. 

Recently, a transdermal T gel, AndroGel® (Unimed/ 
Solvay, Buffalo Grove, IL), became available for T replace- 
ment therapy (260,261,466,467). Daily application of this 
hydroalcoholic gel formulation of T produces physiological 
serum T levels. The dosage of T gel may be adjusted to 
achieve T levels in the low-, mid-, or upper-normal range 
without significant skin irritation. AndroGel may also pro- 
duce serum DHT levels above the normal range, probably 



as a result of the large surface area of skin covered. Transfer 
of T to partners or children is possible if the skin surface on 
which T gel is applied is not covered or washed (which is 
acceptable 1 hour after application). 

Oral 17 alpha-alkylated androgens (e.g., methyltestoster- 
one) should not be used for androgen replacement therapy 
(456). They are less effective than parenteral and transder- 
mal T formulations and are associated with potentially seri- 
ous hepatotoxicity and greater suppression of HDL choles- 
terol levels. Outside the United States, an oral T ester 
formulation, T undecanoate, has been used successfully and 
safely for many years for T replacement therapy in both 
young and older androgen-deficient men (449,456,468). 
Unlike 17 alpha-alkylated androgens, T undecanoate is ab- 
sorbed directly from the gastrointestinal tract into lymphat- 
ics, bypassing initial hepatic inactivation, and it is not asso- 
ciated with hepatotoxicity (468). However, absorption of 
oral T undecanoate is quite variable and is dependent on co- 
ngestion of a meal. T undecanoate may become available in 
the United States in the future. A buccal T formulation is 
also being developed for androgen replacement therapy. 
Both the T undecanoate and buccal T have the advantage of 
rapid withdrawal if adverse effects develop, but the disad- 
vantage of requiring twice daily administration, making 
compliance more difficult in older patients. 

A number of longer-acting T formulations that require in- 
jections only every few months are being developed for T 
replacement therapy (e.g., T undecanoate, T buciclate, and 
T microspheres), and T implants have been used for andro- 
gen replacement outside the United States (456). Although 
more convenient than currently: available T esters, these 
preparations are probably less suitable for T therapy in older 
men because rapid withdrawal of androgen would not be 
possible if adverse effects were to develop during treatment. 

Analogous to recently developed selective estrogen re- 
ceptor modulators used for hormone replacement therapy in 
post-menopausal women, selective androgen receptor mod- 
ulators (SARMs) or "designer" androgens are being devel- 
oped for T replacement therapy. An ideal SARM would be 
an agent that had all the beneficial effects of T on muscle, 
bone, sexual function, mood, cognition, and the cardiovas- 
cular system without any of the adverse effects on the pros- 
tate and cardiovascular system. 7 alpha-methyl- 19-nortes- 
tosterone (MENT) is synthetic androgen that does not 
undergo 5 alpha-reduction but is aromatizable to an estro- 
gen. In animal studies, it is approximately 10 times more 
potent than T in suppressing gonadotropin levels and in- 
creasing muscle size, but only two-times more active than T 
in stimulating prostate growth (469,470). Therefore, it is 
possible that a low dose of MENT given to hypogonadal 
men may be able to maintain muscle strength and brain 
function without stimulating the prostate gland. MENT is 
being developed as an implant, and preliminary studies sug- 
gest that it is able to maintain libido and sexual function in 
hypogonadal men (47 1 ). 

Monitoring During T Therapy in Older Men 

In older men, clinical examination including a digital rec- 
tal examination, hematocrit, and PSA should be repeated 3 
and/or 6 months after institution of T treatment, then moni- 
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tored every 12 months or possibly more frequently thereaf- 
ter, depending on the clinical status of the patient. Efficacy 
is determined primarily by subjective and objective clinical 
responses to T therapy. If symptomatic clinical improve- 
ment does not occur in 6-12 months and/or BMD does not 
improve in 24 months, patients should be re-evaluated and 
discontinuation of T therapy should be considered. Serum T 
levels measured at the midpoint of the interval between T 
ester injections or T patch applications may be useful to 
confirm that levels are within the midnormal range. Nadir 
serum T levels (i.e., just before the next T ester injection or 
patch application) may be helpful in identifying the need for 
a dosage adjustment. 

During T treatment, the following clinical situations re- 
quire further urological evaluation: development of findings 
suspicious for prostate cancer on digital rectal examination 
(e.g., a nodule or induration); PSA level >4 ng/ml that is 
not complicated by a urinary tract infection (e.g., prostatitis) 
(472,473); a confirmed increase in PSA of > 1.5 ng/ml be- 
tween two consecutive values over 3-6 months (474); a rate 
of rise in PSA levels of >0.75 ng/ml/y on sequential val- 
ues performed over at least 2 years (475); or severe symp- 
toms of BPH (e.g., as assessed using the AUA Symptom 
Score or IPSS instruments) that are not complicated by 
medications (e.g., decongestants or antihistamines) or a uri- 
nary tract infection (e.g., prostatitis). A urological evalua- 
tion including a transrectal ultrasound and prostate biopsy is 
indicated for an abnormal digital rectal examination or PSA 
elevation (i.e., a persistent elevation of PSA after empiric 
antibiotic treatment for prostatitis). Development of an in- 
crease in hematocrit >52% requires reduction in T dosage 
or discontinuation of therapy. For severe erythrocytosis 
(e.g., hematocrit >55%), T therapy should be discontinued, 
and a therapeutic phlebotomy should be performed to 
acutely reduce the red cell mass and prevent hyperviscosity. 
After the hematocrit is normalized, T treatment may be rein- 
stituted using a lower dosage or a transdermal formulation. 
Other causes of erythrocytosis (e.g., obstructive sleep apnea 
that may be induced or worsened by T treatment, or chronic 
hypoxic lung disease) should be evaluated and treated ap- 
propriately. The development of daytime somnolence, loud 
snoring, hypertension, edema, and erythrocytosis in an 
obese older man on T therapy suggests obstructive sleep ap- 
nea syndrome. Instruments such as the Berlin Questionnaire 
or Epworth Sleepiness Scale may be used to assess symp- 
toms of sleep apnea. 

Summary and Conclusions 

In men, there is a gradual and progressive decline in se- 
rum T levels with aging that is accentuated by age-associ- 
ated comorbid illnesses, medications, and malnutrition. 
Age-related alterations in body composition, sexual func- 
tion, mood, cognitive function, sleep, and erythropoiesis 
occur in conjunction with the declining serum T levels. 
Similar alterations occur in young androgen-deficient hy- 
pogonadal men and are improved with T replacement ther- 
apy. Therefore, it is reasonable to posit that age-related an- 
drogen deficiency may contribute, at least in part, to the 
changes in physiological function that occur with aging. 

Initial short-term controlled studies of T therapy in small 



numbers of healthy older men suggest beneficial effects 
on body composition, BMD, LDL cholesterol, angina, and 
exercise-induced cardiac ischemia, and possibly muscle 
strength, libido, general well-being, and certain aspects of 
cognitive function. In these studies, there have been no sig- 
nificant adverse effects except for erythrocytosis requiring a 
reduction in dose in some men. Given these findings, it is 
reasonable to consider T replacement therapy in older men 
with a clinical syndrome consistent with androgen defi- 
ciency and repeatedly low serum-free and bioavailable T 
levels, in whom the potential benefits of therapy outweigh 
the potential risks. Because age-related alterations in physi- 
ological function are usually a result of multiple etiologies, 
it is important to evaluate and treat other factors (e.g., inad- 
equate nutritional intake, confounding illness and medica- 
tion, inactivity or poor conditioning, excessive alcohol, and 
smoking) in addition to low T levels that may contribute to 
the clinical syndrome. 

A major caveat in treating older men with T is that long- 
term benefits on fracture incidence, onset of dementia, ma- 
jor cardiovascular outcomes, physical function, frailty and 
quality of life, and risks of clinical prostate disease (BPH 
and prostate cancer) and cardiovascular disease are not 
known. Therefore, routine T treatment of older men cannot 
be recommended. The balance of benefits and risks of T 
therapy in older men with low T levels needs to be deter- 
mined in carefully designed, large, long-term, randomized, 
placebo-controlled studies. Until the results of these studies 
are available, practitioners must rely on sound clinical judg- 
ment in managing older men with symptoms and signs of 
andropause. At present, the most prudent course of action is 
to treat only older men with repeatedly low serum T levels 
and symptoms and signs consistent with androgen defi- 
ciency in whom the potential benefits of therapy clearly out- 
weigh the potential risks, and to carefully monitor treated 
men for adverse effects. Attention to appropriate exercise 
and nutrition, and evaluation and treatment of other etiolog- 
ical factors that may contribute to clinical manifestations 
are essential for optimal management of age-related func- 
tional decline in older men. 
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It has been 40 years since the administration of steroids 
to women to prevent pregnancy was approved in many 
countries, and finally the development of reversible hor- 
monal contraceptives for men seems to be within reach. 
Surveys performed in recent years suggest that men are 
willing to share the responsibility of family planning 
(Glasier et al, 2000, Martin et al, 2000). Worldwide, about 
30% of the couples that use contraception use a male 
method in spite of the evident shortcomings of currently 
available contraceptives for men. In 1994 at the Interna- 
tional Conference on Population and Development, active 
involvement of men in family planning was given a high 
priority in the women agenda. 

Thanks to public agencies like the World Health Or- 
ganization (WHO) and the Contraceptive Research and 
Development Program, the validity of the concept of the 
hormonal approach to male contraception were proven in 
large-scale clinical trials. In these studies it was shown 
that hormones can provide contraceptive protection that 
promises to be as effective in men as in women (WHO, 
1990, 1996). Achievement of azoospennia has been sug- 
gested to be the gold standard for this method in order to 
confer optimal contraceptive protection (WHO, 1990, 
1996). Azoospennia achieved with weekly injections of 
200 mg of testosterone enanthate (TE) provided a Pearl 
index (pregnancy per 100 person-years) rating of 0.8 
(95% confidence interval [CI] = 0.02-4.5]; WHO, 1990). 
However, various degrees of severe sperm suppression 
also have been shown to provide acceptable contraceptive 
protection. When sperm count is suppressed to azoosper- 
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mia or severe oligozoospermia (sperm count from 0 to 1 
X 1 OVmL), contraceptive protection is provided to a Pearl 
index rating of 1.4 per 100 couple-years (95% CI = 0.4- 
3.7; WHO, 1996). Therefore, induction of azoospermia or 
sperm suppression to <1 million/mL can be considered 
an acceptable contraceptive goal. 

Studies performed in the last decade have shown that 
testosterone (T) administration alone can provide almost 
universal azoospennia in diverse Asian populations, with 
minimal side effects (WHO, 1990, 1996). Therefore, 
phase II and III clinical trials are already being planned 
with androgen regimens in the Asian population. The en- 
couraging preliminary results of these studies offer some 
promise that an androgen-alone contraceptive may be on 
the market in those countries within the next few years 
(Zhang et al, 1999). 

Testosterone-alone regimens are not as effective in the 
Caucasian population as they are in the Asian population, 
but small-scale clinical trials performed over the last few 
years have suggested that if a progestin is added to the 
androgen, profound suppression of sperm production can 
be achieved in Caucasian men (Meriggiola and Bremner, 

1997) . 

In spite of the fact that all of these studies have shown 
that hormonal contraception for men is feasible and ef- 
fective, the lack of involvement of drug companies has 
prevented the transit of these concepts from small pilot 
trials to large-scale studies aimed at the development of 
suitable products for the market. In 1997, a group of lead- 
ing researchers promulgated a manifesto on male contra- 
ception. The aim of this manifesto was to sensitize drug 
companies, politicians, and research foundations "to com- 
mit themselves to the development of male contraception 
for the sake of future generations" (Nieschlag and Behre, 

1998) . This appeal was finally received and in November 
2002 when 2 major pharmaceutical companies committed 
themselves to the development of a hormonal contracep- 
tion for men (Schering AG, 2002). 

Large-scale clinical trials are now being planned with 
various combinations of progestins and androgens to con- 
firm and extend the preliminary results obtained in small 
pilot studies and to eventually test the contraceptive ef- 
fectiveness of these combinations. Advantages of this 
hormonal combination include the vast experience of 
years of clinical use of both classes of compounds and 
their relatively low cost. 

The purpose of this article is to review the literature 
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Table 1a. Number of various androgen-progestin regimens tested in papers from 1960 to 2002* 
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* T indicates testosterone; TTS, transdermal testosterone; TE, testosterone enanthate; TP, testosterone propionate; Tpc, percutaneous testosterone; 
DHT, dihydrotestosterone; TC, testosterone cypionate; TU, testosterone undecanoate; CPA, cyproterone acetate; DMPA, depot medroxyprogesterone 
acetate; MPA, medroxyprogesterone acetate; DSG, desogestrel; LNG, levonorgestrel; NET, norethisterone; NETA, norethisterone acetate; NETE, 
norethisterone enanthate. 



t T Oral includes testosterone undecanoate and methyl-testosterone. 
$ Includes both oral and implants. 



on androgen-progestin combinations, to understand les- 
sons learned from these trials, and to determine how these 
results can be applied to the design of large multicenter 
clinical trials with the ultimate goal of developing an op- 
timal hormonal male contraceptive. 

Methods 

This review includes all studies reporting the outcome of andro- 
gen-progestin regimens, in terms of sperm suppression, pub- 
lished in the peer-reviewed literature between 1960 and Septem- 
ber 2002. For this review, the database MEDLINE was searched. 
English-only publications were included in the search, and sub- 
sequent bibliographies were cross-referenced. Where more than 
I publication reported the same study, the data were analyzed 
only once. For a detailed breakdown of the various studies, 
please refer to the tables. Because of the apparent ethnic differ- 
ences in responsiveness to steroids, results from clinical trials of 
potential hormonal contraceptive regimens have been analyzed 
and reported separately in the Asian and Caucasian populations. 
Healthy subjects of all ethnic groups, within an age range of 21- 
50 years and with normal seminal parameters, were included in 
the studies. Only studies in which hormone administration lasted 
longer than 12 weeks were included in the analyses. Maximal 
suppression of sperm count (rate of azoospermia) was considered 
for all studies. In most of the papers it coincided with the end 
of the study, but in many papers it could not be detected at which 



time of the study maximal sperm suppression occurred. Only 
rate of azoospermia is considered for analysis in this paper, since 
the degree of sperm suppression was not always clearly reported 
in the results sections of the various studies. Gonadotropin sup- 
pression could not be considered in this review, since the dif- 
ferent gonadotropin assays and their evolution throughout the 
years would not allow for a comparison among the studies. 

Statistical Analyses 

The rates of azoospermia observed in each study were plotted 
according to the regimen, and the mean rate of azoospermia was 
calculated. The total number of azoospermic men, as well as the 
total number of treated cases, were also reported in the text of 
the figures. These numbers were used for the comparison be- 
tween different regimens by evaluating the Yates corrected chi- 
squared test and the odds ratio (OR) together with the 95% CI. 
Statistical evaluations were performed by the SPSS/PC + statis- 
tical package version 5.0 (Dixon ct al, 1990; Norusis, 1992). 

Mechanisms of Hormonal Suppression of Male Fertility 

The mechanism(s) by which gonadal steroids inhibit male 
fertility is the suppression of sperm production achieved 
through inhibition of gonadotropin secretion. The various 
progestins have different antigonadotropic potency: 19- 
nortestosterone derivatives have a stronger suppressive 



Table 1b. Number of subjects treated with the different regimens* 
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* T indicates testosterone; TTS, transdermal testosterone; TE, testosterone enanthate; TP. testosterone propionate; Tpc, percutaneous testosterone; 
DHT, dihydrotestosterone; TC, testosterone cypionate; TU, testosterone undecanoate; CPA, cyproterone acetate; DMPA, depot medroxyprogesterone 
acetate; MPA, medroxyprogesterone acetate; DSG, desogestrel; LNG, levonorgestrel; NET, norethisterone; NETA, norethisterone acetate; NETE, 
norethisterone enanthate. 



t T Oral includes testosterone undecanoate and methyl-testosterone. 
t Includes both oral and implants. 
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effect on gonadotropins compared with the progesterone- 
derived progestins. 

The mechanism by which progestins suppress gonad- 
otropins is still unclear. Although previous studies attrib- 
uted the antigonadotropic effect of progestin to their an- 
drogenic activity, more recently a possible direct inhibi- 
tory effect of these compounds on gonadotropin secretion 
has been postulated (McEwen et al, 1983; Couzinet et al, 
1996). The direct inhibitory effect of progestins on go- 
nadotropins, independent of estrogens and androgens, 
could also explain the additive and synergistic effects of 
this compound when combined with other steroids, in this 
case androgens. Progesterone receptors have been found 
both at the hypothalamus and pituitary level in rats and 
nonhuman primates. 

After exogenous administration of sex hormones such 
as androgens, progestins, or estrogens, Leydig cells de- 
crease in volume; consequently, serum T production also 
decreases (Flickinger, 1977a, b). T levels fall below phys- 
iological levels both intratesticularly and in the peripheral 
circulation (Morse et al, 1973; McLachlan et al, 2002). 
Therefore, administration of androgens or androgen-like 
substances to re-establish peripheral physiological T lev- 
els is mandatory for non-T-alone hormonal contraceptive 
regimens that act through this mechanism to maintain an- 
drogen-dependent physiological functions. As a result of 
FSH and intratesticular T suppression, studies in both an- 
imals and humans have demonstrated that after hormone 
administration, sperm development stops at the pachytene 
spermatocyte stage, whereas degeneration of later stage 
spermatids occurs (Terner and MacLaughlin 1973; Hikim 
et al, 1995). This mechanism maintains spermatogonia 
and thus implies the potential reversibility of the contra- 
ceptive method. According to the degree of T depletion 
from the testis, remaining spermatids and spermatocytes 
may complete their development or slough from the sem- 
iniferous epithelium. This means that hormone regimens 
require some time to be fully effective over the human 
spermatogenic cycle of about 70 days. The mean time 
reported to induce azoospermia ranged from 6 to 12 
weeks in most clinical trials. 

After stopping hormone administration, gonadotropin 
secretion recovers, resulting in full resumption of Leydig 
cell function and spermatogenesis. The time for sper- 
matogenesis to resume normal levels has varied widely 
among different studies, ranging from a few weeks to 
several months, as the result of the long-lasting effect of 
some steroids, which may accumulate in the subcutaneous 
tissue. However, it should be emphasized that in all stud- 
ies performed so far, full recovery of spermatogenesis was 
always achieved in all subjects. This characteristic gives 
to hormonal male contraception an important advantage 
over other currently available forms of contraception such 
as vasectomy. 
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Figure 1. Rates of azoospermia of androgen-progestin regimens in the 
Asian and Caucasian populations. Full circles indicate rates of azoo- 
spermia achieved with each different androgen-progestin regimen in the 
two populations, respectively. Regimens were divided according to the 
progestin that was administered in combination with injectable testoster- 
one (T). Lines represent mean of the azoospermic rates in the 2 groups 
of studies. Odds ratio of azoospermia was calculated comparing Asians 
vs Caucasians. 



Rationale for the Androgen-Progestin Combinations 

The rationale for combining androgens with progestins to 
suppress fertility in men is based on the additive and syn- 
ergistic effects that these 2 steroids have on the suppres- 
sion of gonadotropins, and thus spermatogenesis. Previ- 
ous studies have demonstrated that when given alone at 
doses that are safe for administration, currently available 
progestins do not induce profound suppression of gonad- 
otropins, and thus spermatogenesis, in men (Johansson 
and Nygren, 1973; Morse et al, 1973; Koch et al, 1976; 
Roy et al, 1976; Fredricsson, 1978; Fogh et al, 1979; 
Moltz et al, 1980; Wang and Yeung, 1980; Fredricsson 
and Carlstrom, 1981; Kamischke et al, 2000a). Addition- 
ally, androgens alone, even when administered at high, 
supraphysiological doses, do not uniformly induce a de- 
gree of spermatogenic suppression sufficient for contra- 
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Figure 2. Rates of azoospermia following DMPA plus testosterone (T) 
administered in a sequential or combined-continuous fashion. Full circles 
indicate rate of azoospermia achieved with each different regimen. In 
both groups the maximal sperm suppression was reported. Lines rep- 
resent mean of the azoospermic rates in the 2 groups of studies. Odds 
ratio of azoospermia was calculated comparing sequential vs combined- 
continuous regimens. See text and Table 2 for details. 



ception (WHO, 1990, 1996; Matsumoto, 1990). More- 
over, high T levels may induce changes in some hemat- 
ocrit and lipid parameters that may have potential long- 
term adverse effects (Bagatell et al, 1994; Meriggiola et 
al, 1995). The doses of androgen and progestin can be 
adjusted to achieve maximal gonadotropin suppression 
and, at the same time, avoid induction of supraphysiolog- 
ical serum androgen levels, thereby improving the safety 
of the regimen. 

In addition to the effects at the hypothalamus-pituitary 
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75/131 azoospermic 8/36 azoospermic 



Figure 3. Rates of azoospermia following DMPA injections in combina- 
tion with injectable testosterone <T: testosterone enanthate [TEJ, testos- 
terone propionate [TP], T pellets, testosterone cypionate [TCj, and 19- 
nortestosterone [19-NT]) or medroxyprogesterone acetate (MPA) oral in 
combination with noninjectable T (oral or transdermal). Full circles indi- 
cate rate of azoospermia achieved with each different regimen. Lines 
represent mean of the azoospermic rates in the 2 groups of studies. 
Odds ratio of azoospermia was calculated comparing noninjectable vs 
injectable T regimens. See text and Table 3 for details. 
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Table 2. Rates of azoospermia with medroxyprogesterone acetate and various testosterone formulations* 



Medroxypro- 
gesterone 
Acetate 



Methyl 
Testosterone (Oral) 



Testosterone/DHT 
(Percutaneous) 



Dose 



Azoospermia 
(%) 



Dose 



Azoospermia 
(%) 



References 



20 mg/d 
20 mg/d 
20 mg/d 
20 mg/d 
10 mg/d 
5 mg/d 



20 mg/d 
10 mg/d 



10 mg/d 
10 mg/d 



50/100 mg/T 
125 mg DHT/250 mg T 



60 

62.5 



Bain et al, 1980 
Bain et al, 1980 
Soufir et al. 1983 
Guerin et al, 1988 
Bain et al, 1980 
Bain et al, 1980 



* T indicates testosterone; DHT, dihydrotestosterone. 



level, there are studies that indicate the possibility of a 
direct inhibitory role of the progestins at the testicular 
level. A number of studies in animals suggest that pro- 
gestins may affect spermatogenesis by exerting a direct 
effect at testicular and posttesticular levels. A variety of 
mechanism(s) have been suggested to explain this obser- 
vation. Progestins may reduce the androgen concentra- 
tions within the testis by reducing androgen biosynthesis, 
altering androgen metabolism, and/or acting directly at 
the receptor level by competitive binding, thereby reduc- 
ing the effective level of intratesticular androgens (Lobl 
et al, 1983; Mauvais-Jarvis et al, 1974; Vreeburg et al, 
1976; Worgul et al, 1979). Studies in animals suggest that 
various changes in epididymal structures occur, although 
their significance remains unclear (Srivastava and Mala- 
viya, 1980; Srivastava, 1981). It should be noted that the 
above described effects have only been reported in vitro 
and in vivo at high progestin concentrations, and their 
relevance to the doses necessary for contraception in men 
is unclear. The importance of the contribution of local 
effects relative to the overall contraceptive effects of this 
regimen is still unknown. 

Studies With Androgen-Progestin Combinations 

Medroxyprogesterone Acetate — Medroxyprogesterone 
acetate (MPA) was developed at the end of the 1950s, 
and in 1960 the U.S. Food and Drug Administration ap- 
proved its use for regulation of menstrual disorders. Since 
then a vast amount of literature has been published on 
this progestin, which is used in the treatment of a wide 
variety of conditions and for contraception in women. In 
men, MPA has been used for the treatment of prostatic 
hypertrophy and hypersexuality and in experimental male 
contraception. 

Over the last 40 years, 17 papers were published de- 
scribing studies in which 31 different regimens using 
MPA were administered to healthy men for suppression 
of spermatogenesis (Table la). These regimens consisted 
of either the oral or injectable form of MPA given in 
combination with different T formulations. A total of 307 
men completed at least 12 weeks of hormone administra- 



tion (Table lb). Altogether, 205 (67%) subjects achieved 
azoospermia (Table lc, Figures 1 through 3). Three of 
these studies were performed in Asian populations (Pang- 
kahila, 1991; Lee et al, 1979; WHO, 1993). 

Like all other hormonal regimens tested so far, the rates 
of azoospermia achieved in the Asian population varied 
widely but were generally higher than that achieved in 
the Caucasian population (Figure 1). One hundred twen- 
ty-two of the 140 Asian subjects (87%) achieved azoo- 
spermia, whereas only 75 of the 131 (57%) Caucasian 
subjects became azoospermic (P < .001). Preliminary 
studies have hypothesized that genetic factors such as a 
different sensitivity of the pituitary or of the testis to the 
suppressive effects of steroids could be present between 
the Caucasian and Asian population (Suhana et al, 1999). 
Another interesting hypothesis is a difference in the diet, 
which can result in a different steroid metabolism (Han- 
delsman et al, 1995; Johnson et al, 1998; Lookingbill et 
al, 1991; Santner et al, 1998; Sinha et al, 1998; Wang et 
al, 1998). Whether this different sensitivity to the sup- 
pressive effects of steroids will still be confirmed in future 
studies, the mechanism needs to be thoroughly investi- 
gated. 

In the Caucasian population, the oral and the depot 
injectable MPA formulations were administered in com- 
bination with oral or injectable T preparations, respec- 
tively. Oral MPA was given in combination with oral T, 
such as methyl-T, or with percutaneous dihydrotestoster- 
one (DHT; Tables la and 2; Bain et al, 1980; Guerin and 
Rollet, 1988; Soufir et al, 1983). Depot medroxyproges- 
terone acetate (DMPA) injected every 4-6 weeks was 
given in combination with TE (Alvarez-Sanchez et al, 
1977; Brenner et al, 1977; Frick et al, 1977a; Melo and 
Coutinho, 1977; Alvarez-Sanchez et al, 1979; Faundes et 
al, 1981; Frick et al, 1982; Wu and Aitken, 1989; Pang- 
kahila et al, 1991; WHO 1993); testosterone propionate 
(TP; Frick et al[ 1977a); testosterone cypionate (TC; Paul- 
sen et al, 1980; Lee et al, 1979); 1 9-nortestosterone (19- 
NT); or T pellets (Knuth et al, 1989; Handelsman et al, 
1996; WHO 1993; (Tables la and 3). Oral combinations 



Meriggiola et al • Androgen-Progestin Male Contraceptives 

were less effective than injectable DM PA (Figure 3) in 
the suppression of spermatogenesis (P ^ .001). After ad- 
ministration of DMPA plus injectable T, 57% (75 of 131) 
of the volunteers achieved azoospermia compared with 
22% azoospermic (8 of 36) of the men who received the 
oral preparation of MPA (Figure 3). 

DMPA plus injectable T was administered in a com- 
bined-continuous or sequential fashion (Alvarez-Sanchez 
et al, 1977, 1979; Frick et al, 1977b; Faundes et al, 1981; 
Frick et al, 1982; Knuth et al, 1989: Table 2). Sequential 
regimens included an initial period during which the 2 
steroids were administered at higher doses, followed by 
a second phase in which lower steroid doses were ad- 
ministered. With the sequential regimens, profound sperm 
suppression was achieved by means of the high doses of 
DMPA and T. Sperm suppression achieved in this phase 
was more profound than that achieved with the combined- 
continuous regimens (P ^ .012; Figure 2). Thirty-five of 
46 subjects (76%) became azoospermic after an initial 
phase of high-dose hormone administration, whereas only 
40 of 85 subjects (47%) achieved azoospermia at the end 
of a combined-continuous DMPA plus T administration 
(Figure 2). However, in all studies the regimens used in 
the second phase failed to maintain sperm suppression, 
and spermatogenesis recovered in most of the subjects in 
all studies. No major adverse effects were reported with 
any of these regimens. 

Cyproterone Acetate — Cyproterone acetate (CPA) is a 
synthetic steroid with both progestational and antiandro- 
genic properties (Neumann and von Berswordt-Wallrabe, 
1966; Steinbeck et al, 1971). Because of this combination 
of activities, CPA has been used in conditions in which 
a profound suppression of androgen activity is needed in 
men (eg, hypersexuality or prostate cancer). During these 
treatments, a decrease of gonadotropin and T levels and 
a dramatic reduction in sperm production was observed. 
These observations prompted researchers to test the pos- 
sibility that CPA could be used for suppression of male 
fertility. Ten papers have been published in which CPA 
was given at doses ranging from 200 to 5 mg/d, orally, 
to test its effectiveness in suppressing spermatogenesis 
and gonadotropins (Perry et ah 1972; Morse et al, 1973; 
Koch et al, 1976; Roy et al, 1976; Fredricsson, 1978; 
Fogh et al, 1979; Roy and Chatterjee, 1979; Moltz et al, 
1980; Wang and Yeung, 1980; Fredricsson and Carlstrom, 
1981). These studies were also stimulated by the prom- 
ising results obtained in animals, which suggested that 
CPA could inhibit fertility through a direct effect at the 
posttesticular level. Among 76 men who received CPA 
for 16-26 weeks, azoospermia was only occasionally 
achieved in a few men and not consistently maintained. 
In most of the men, sperm suppression was variable and 
exhibited various degrees of oligozoospermia. In these 
trials, a decrease of sperm motility and normal morphol- 
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ogy was reported. Whether these changes, probably due 
to a direct effect of CPA at posttesticular level, lead to a 
significant reduction of fertility potential of these sper- 
matozoa is unclear. However, major side effects of this 
regimen included a decrease of both libido and sexual 
potency that was so severe that, in many cases, volunteers 
were unable to produce an ejaculate for semen analysis. 

In 1983, Lohiya and Sharma proposed to combine CPA 
with T in order to avoid side effects due to androgen 
depletion. They administered CPA 1 mg/kg 1M and TE 2 
mg/kg IM every 1 5 days over a period of 90 days to male 
Langur monkeys. All animals became azoospermic, and 
no significant changes of any biochemical parameters 
were detected. Two years later, the same promising results 
were reported after administration of 20 mg/d of CPA in 
combination with 250 mg/fortnight of TE to 6 men (Roy 
and Prasad, 1985). Five of 6 men became azoospermic, 
and 1 man had a sperm count <1 million/mL after 20 
weeks of administration. In spite of these promising pre- 
liminary data, this hormonal combination did not receive 
further attention, primarily for 2 reasons: 1) these data in 
men were never published in a scientific peer-reviewed 
journal, and 2) it seemed somehow illogical to combine 
an androgen with an antiandrogen. This regimen was ex- 
plored again 10 years later. The proposed rationale for 
testing this hormonal combination was based on the pe- 
culiar combination of progestogenic and antiandrogenic 
activity of the progestin. CPA may suppress gonadotro- 
pins because of its progestogenic activity as well as act 
at the testicular and posttesticular level, blocking the stim- 
ulatory effect of residual or exogenous intratesticular T 
on sperm development as the result of its antiadrogenic 
activity. The lack of any suppressive effect of CPA on 
plasma sex hormone binding globulin (SHBG) levels 
could contribute to the avoidance of increased free T lev- 
els, which is different than other progestins like levonor- 
gestrel (LNG), which is known to decrease SHBG levels 
(Meriggiola et al, 2002b). 

Four studies have been published (Meriggiola et al, 
1996, 1997, 1998, 2002b) in which CPA was given at 
doses of 100, 50, 25, 12.5, and 5 mg/d in combination 
with TE 100 or 200 mg/wk or with oral testosterone un- 
decenoate (TU) 160 mg/d to 44 subjects (Table 4). Over- 
all, 23 (52%) subjects became; azoospermic, 14 (32%) se- 
verely oligozoospermic (<1 million/mL), and in 3 (7%) 
subjects the sperm count remained above 3 million/mL 
after 16 weeks of hormone administration (Figure 4a). 
When the same dose of CPA (25 mg/d) was administered 
with an oral (TU) or injectable (TE) androgen, the regi- 
men in which oral T was administered seemed to be less 
effective than that in which IM TE injections were given. 
One of 8 subjects achieved azoospermia with the oral 
combination vs 4 of 5 subjects in the CPA plus TE reg- 
imen (Figure 4a). Comparing gonadotropin levels be- 
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Table 3. Rates of azoospermia with depot medroxyprogesterone acetate and various testosterone formulations 



Depot 
Medroxy- 
progesterone 
Acetate 



Testosterone Elanthate (IM) 



Testosterone Propionate (IM) 



Dose 



Azoospermia 
(%) 



Dose 



Azoospermia 
(%) 



Sequential regimens 

1000 mg x 1 then 300 mg/mo 

1000 mg x 2 then 150 mg/mo 

1000 mg/mo then 75 mg/biwk 
1000 mg/mo then 150 mg/mo 
1000 mg x 1 then 150 mg/mo 
400 mg/mo 
250 mg/6 wk 
250 mg/6 wk 

250 mg/6 wk 



250 mg/mo 

250 mg/mo 

250 mg/biwk 
500 mg/mo 
500 mg/mo 

200 mg/wk for 6 wk then every 3 



71 

88 

100 
100 
80 

96 



Combined-continuous regimens 
300 mg single dose 
200 mg/mo 
200 mg/mo 
200 mg/mo 
200 mg/mo 
200 mg/mo 
150 mg/mo 
150 mg/mo 
100 mg/mo 
100 mg/mo 
100 mg/mo 
100 mg/mo 
100 mg/mo 
100 mg/mo 
100 mg/mo 
50 mg/mo 



250 mg/mo 
250 mg/mo 



100 mg/mo 
200 mg/mo 
100 mg/mo 
200 mg/mo 



100 mg/mo 
250 mg/mo 
250 mg/mo 



100 
60 



50 
25 
100 
14 



0 
0 
88 



4 capsule impl. at.1° inj. 



67 



tween the 2 regimens, it is evident that reduced gonado- 
tropin suppression was achieved with the oral combina- 
tion (Figure 4b), Although the studies included a very 
small number of subjects, it would appear that the less 
profound gonadotropin suppression achieved with oral T 
may be due to the inconsistent serum T levels achieved 
after oral TU intake, which may not be able to maintain 
gonadotropin, and hence sperm suppression (Meriggiola 
et al, 1997). No major side effects were detected with this 
regimen. No changes of sexual function or behavior were 
reported, with the exception of a significant decrease of 
morning erections in the group that received the highest 
dose of CPA (100 mg/d). There was a decrease of red 
cell parameters in all groups, which seemed to be depen- 
dent on the dose of CPA and was probably related to its 
antiandrogenic activity. Further large-size clinical trials 
may be required to test the safety and efficacy of low 
doses of CPA with T in multiethnic groups of men. 

19-Nor-Progestins — Based on animal studies and clin- 
ical studies in women, 19-norderived progestins are 



known to be potent in terms of gonadotropin suppression 
(Couzinet et al, 1996). Among this class of steroidal com- 
pounds are norethisterone (NET), norethynodrel, and its 
dextrorotatory isomer LNG (ie, the biologically active 
form of this progestin). The progestins of this class are 
known to be potent suppressors of gonadotropin secre- 
tion, and when administered to men these compounds in- 
duced a profound suppression of sperm production (Frick, 
1973). However, a decrease of libido and sexual potency 
was also reported, presumably due to the suppression of 
T production secondary to gonadotropin suppression 
(Kamischke et al, 2000b). Therefore, like other progestins 
available thus far, nor-progestins should not be adminis- 
tered alone for male contraception because their residual 
androgenic activity is not sufficient to maintain androgen- 
dependent physiological functions like libido or sexual 
potency (Kamischke et al, 2000a). Also, due to their es- 
trogenic activity or to inadequate androgen replacement, 
administration of these progestins resulted in a high rate 
of gynecomastia (Paulsen et al, 1962; Kuhnz et al, 1997). 
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Table 3. Continued 
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T Pellets (Subdermal) Testosterone Cypionate (IM) 



19-Nortestosterone (IM) 



Dose 



Azoospermia 
(%) 



Dose 



Azoospermia 
(%) 



Dose 



Azoospermia 
(%) 



Reference 



200 mg/mo 50 



200 mg/wk for 6 wk then 

every 3 wk 
200 mg/mo for 6 wk then 

every 3 wk 



42 



98 



Alvarez-Sanchez et al, 

1977, 1979 
Alvarez-Sanchez et al, 

1977, 1979 
Frick et al, 1982 
Frick et al. 1982 
Faundes et al, 1981 
Lee et al. 1979 
WHO, 1983 
Knuth et al, 1989 

WHO, 1983 



800 mg 90 



250 mg/mo 56 
200 mg/mo 60 
400 mg/mo 40 



250 



mg/mo 



27 



250 mg/mo 25 



Handelsman et al, 1996 
Pangkahlla et al, 1991 
Wu et al, 1989 
Paulsen et al, 1980 
Lee et al, 1979 
Lee et al, 1979 
Frick et al, 1977a 
Brenner et al, 1977 
Pangkahlla et al, 1991 
Brenner et al. 1977 
Paulsen et al, 1980 
Frick et al, 1977a 
Frick et al, 1977a 
Frick et al, 1977a 
Melo et al, 1977 
Paulsen et al, 1980 



Table 4. Rates of azoospermia with cyproterone acetate and various testosterone formulations 




Testosterone 


Testosterone 




Cyproterone 


Undecanoate (Oral) 


Enanthate (IM) 




Acetate 
(Oral) 


Azoospermia 
Dose (%) 


Azoospermia 
Dose (%) 


References 


100 mg/d 




100 mg/wk 100 


Meriggiola et al, 
1996 


50 mg/d 




100 mg/wk 100 


Meriggiola et al, 
1996 


25 mg/d 


160 mg/d 12.5 




Meriggiola et al, 
1997 


25 mg/d 




100 mg/wk 80 


Merriggiola et al, 
1998 


12.5 mg/d 




100 mg/wk 60 


Merriggiola et al, 
1998 


5 mg/d 




100 mg/wk 56 
200 mg/wk 0 


Meriggiola et al, 
2002 
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CPA ♦ Injectable T 

n=6 regimens 
22736 azoospermic 



CPA + non-lnJectaUe T 
n=1 regimen 
1/8 azoospermic 



b) 



- CPA 25 mg/day + TE 100 mg/week 
CPA 25 mg/day + TU 160 mg/day 





0 4 8 12 16 

Time (Weeks) 

Figure 4. (A) Rates of azoospermia following administration of cyproterone acetate (CPA) plus testosterone enanthate (TE) injections or oral testos- 
terone undecenoate (TU). Full circles indicate rate of azoospermia achieved with each different regimen. Lines represent mean of the azoospermic 
rate in the 2 groups of studies. Odds ratio of azoospermia was calculated comparing noninjectable vs injectable testosterone (T) regimens. See text 
and Table 4 for details. (B) Mean serum FSH and LH levels after oral intake of CPA 25 mg/d plus weekly injections of 100 mg TE or plus oral intake 
of TU 160 mg/d throughout the study periods. See text and Table 4 for details. 
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These progestins have therefore been tested in combina- 
tion with different androgens. Of this group of com- 
pounds, LNG and NET, norethisterone enanthate (NETE) 
and norethisterone acetate (NETA) were the most com- 
monly used progestins in clinical trials. Levonorgestrel 
seemed to be most attractive because of its potency and 
the large number of formulations in which it is available 
for women (oral, injectable, transdermal, subcutaneous, 
intravaginal, and intrauterine), offering the prospect of 
different routes of administration for men as well. Ten 
trials (Fogh et al 1980a, b, c; Bebb et al, 1996; Anawalt 
et al, 1999; Buchter et al, 1999; Gao et al, 1999; Kam- 
ischke et al, 2000b; Pollanen et al, 2001; Gonzalo et al, 
2002) have been published in which LNG was adminis- 
tered to normal healthy men to test the effects on sperm 
suppression (Table la). Oral LNG at doses ranging from 
125 to 500 u,g/d or LNG implants were given in combi- 
nation with TE or TU injections, oral T or transdermal T, 
or DHT for at least 6 months (Table 5). Overall, of the 
194 subjects treated with these hormonal combinations, 
80 (41%) achieved azoospermia (Tables lb and c; Figure 
5). As with other progestins, a combination of oral or 
transdermal T/DHT with oral LNG (Fogh et al, 1980c; 
Buchter et al, 1999; Pollanen et al, 2001) tended to be 
less effective in terms of sperm suppression compared 
with oral LNG given in combination with injectable T 
formulations (P < .001; Figure 5; Fogh et al, 1980a, b; 
Bebb et al, 1996; Anawalt et al, 1999; Gao et al, 1999; 
Kamischke et al, 2000b; Gonzalo et al, 2002). Fourteen 
of 74 subjects (19%) who received oral or implant LNG 
plus oral or transdermal T/DHT became azoospermic 
compared with the 66 of 120 subjects (55%) that became 
azoospermic after oral LNG plus injectable TE or TU 
(Figure 5). 

Four papers have been published in which NET, NETE, 
or NETA were administered to 95 subjects for 6-9 
months (Tables la through c). In these studies, 79% (75 
subjects) became azoospermic (Guerin and Rollet, 1988; 
Lobei et al, 1989; Kamischke et al, 2001, 2002; Table 6). 
The combined administration of injectable NETE plus TU 
was more effective in sperm suppression (91% azoosper- 
mic, 49 of 54 subjects) compared with the oral adminis- 
tration of NETA plus oral TU or percutaneous T (63% 
azoospermic, 26 of 41; P ^ .001; Figure 6). 

The progestins of this class retain varying degrees of 
androgenic activity that possibly accumulate with that of 
the exogenous androgen. The reported decrease of 
SHBG levels and displacement of T from its binding 
sites caused by these progestins may further contribute 
to increased free T levels (Pugeat et al, 1981; Darney, 
1995). Together, these characteristics may explain the 
fact that the adverse effects induced by most of the 19- 
norderived progestin when combined with androgens are 
identical to those reported with high-dose androgens, in- 
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eluding weight gain, acne, and a decrease in high-density 
lipoprotein (HDL) cholesterol. Further large-scale stud- 
ies are required to determine both efficacy and safety of 
injectable TU in combination with NETE or LNG in 
multiethnic settings. 

Desogestrel — Since the intrinsic androgenicity of pro- 
gestins like LNG or NET/E/A was thought to contribute 
to the androgen-related side effects observed with these 
progestins, the reduction of the androgenic activity in the 
third generation progestins was thought to provide advan- 
tages in terms of safety and possibly of sperm suppres- 
sion. Six papers (Wu et al, 1999; Anawalt et al, 2000; 
Kinniburgh et al, 2001; Morton Hair et al, 2001; Kinni- 
burgh et al, 2002; Anderson et al, 2002; Table 7) have 
been published in which the progestin desogestrel (DSG) 
at doses of 75, 150, or 300 jxg/d or as an implant releasing 
68 mg/d of etonogestrel was combined with TE 100 or 
50 mg/wk or with 400-mg T pellets (Table la). Overall, 
162 subjects received 1 of these regimens for 24 weeks. 
Azoospermia was achieved in 75% of the subjects (122 
of 162; Tables lb and c; Figure 7). With DSG 300 \xg 
plus TE 100 mg/wk, 13 of 16 subjects (81%) became 
azoospermic, whereas when the dose of TE was reduced 
to 50 mg/week, azoospermia was achieved in 8 of 8 sub- 
jects (100%). Lower doses of DSG (150 |xg/d) in com- 
bination with 100 or 50 mg/wk TE induced azoospermia 
in 79% (11 of 14) and 57% (4 of 7) of the subjects, 
respectively. In one study (Wu et al, 1999) when TE ad- 
ministration was delayed for 3 weeks to allow for the 
suppression of gonadotropins and depletion of intratestic- 
ular T concentrations, no difference in sperm suppression 
was found compared with the same regimen (DSG 300 
u,g/d plus TE 100 mg/wk) administered from the begin- 
ning: percentage of azoospermia was 75% (6 of 8) vs 
88% (7 of 8), and time to azoospermia was 14 ± 2.7 
weeks in the 2 groups, respectively. Both studies with 
DSG and TE reported a decrease of HDL cholesterol that 
seemed to be dependent on the dose of both the progestin 
and the androgen (minimum DSG 150 jxg/d plus TE 50 
mg/wk, and maximum DSG 300 |ng/d plus TE 100 rag/ 
wk). These results suggest that DSG retains some andro- 
genicity that, when combined with T, may be sufficient 
to induce the HDL reduction. 

Discussion 

In this paper we have reviewed published studies in which 
androgen-progestin hormonal combinations were admin- 
istered to men for the purpose of sperm suppression. In 
the past 40 years (1960-2002) since the advent of female 
steroid contraception, 41 articles in which 802 male vol- 
unteers received an androgen-progestin combination have 
been published in peer-review journals. 

Since the first progestins were administered to men, it 
has become clear that when administered alone progestins 
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LNG ♦ injectable T 

n= 9 regimens 
66/120 azoospermic 



LNG ♦ non-injectable T or DHT 
n° 8 regimens 
14/74 azoospermic 



Figure 5. Rates of azoospermia after oral administration of levonorges- 
trel (LNG) in combination with injectable testosterone (T: testosterone 
enanthate [TEJ or testosterone undecenoate [TU]) or noninjectable T 
(oral or transdermal). Full circles indicate rate of azoospermia achieved 
with each different regimen. Lines represent mean of the azoospermic 
rates in the 2 groups of studies. Odds ratio of azoospermia was calcu- 
lated comparing noninjectable vs injectable T regimens. See text and 
Table 5 for details. 



induce symptoms of androgen deficiency due to gonad- 
otropin suppression and possible direct effects on T me- 
tabolism. Even nor-progestins that are known to have a 
strong residual androgenic effect in women cannot main- 
tain androgen-dependent physiological functions in men 
if given without androgens (Kamischke et al, 2000a). 
Therefore, for the purpose of mate contraception all pro- 
gestins available must be given in combination with an- 
drogens. The theoretical possibility of inducing profound 
gonadotropin suppression with the progestin alone would 
allow for the use of an androgen dose that is sufficient to 
maintain androgen-dependent physiological functions. 
However, available progestins have not been shown to 
induce such profound gonadotropin suppression when ad- 
ministered alone. Such a possibility remains open if new 
progestins are formulated that are more potent in terms 
of gonadotropin suppression at doses that do not cause 
adverse effects. 

This analysis of the data published in the literature dur- 
ing these 4 decades suggests that when a progestin is 
administered in combination with an androgen, a pro- 
found suppression of spermatogenesis can be induced. 
Most studies suggest that the suppressive actions of pro- 
gestin are additive to T. A wide range of degree of sperm 
suppression has been reported in the various studies with 
different doses and injection intervals. When optimal reg- 
imens were tested, all progestins induced azoospermia or 
near azoospermia in all men. Therefore, based on the data 
published so far, no progestin seems to be superior to the 
others in terms of spermatogenic suppression. 

Throughout the different regimens, the low effective- 
ness of the androgen-progestin combinations that includ- 



ed noninjectable androgens was consistently observed. 
Thirteen papers have reported on the combined adminis- 
tration of oral progestins with noninjectable androgens 
(Table la). Sperm suppression induced by these nonin- 
jectable androgen-progestin regimens is significantly low- 
er compared with that achieved with regimens in which 
the 2 compounds have been given through injections or 
implants. The lower levels in serum T levels or wide fluc- 
tuations, as in the case of oral T preparations, can explain 
this low effectiveness. These lower and fluctuating levels 
may be unable to induce or maintain consistent gonado- 
tropin suppression, as has been suggested by the com- 
parison of gonadotropin levels between 2 groups in which 
CPA was given in combination with TE or oral TU (Mer- 
iggiola et al, 1996, 1997). 

A few early studies proposed the idea of using a higher 
hormonal load to induce profound sperm suppression that 
can be eventually maintained with lower doses. In these 
preliminary trials, profound sperm suppression was in- 
duced with the initial high dosage. However, the steroid 
regimen administered to maintain suppression failed to do 
so (Alvarez-Sanchez et al, 1977, 1979; Frick et al, 1982). 
More recent studies in which different hormonal combi- 
nations have been used both in primates and in men have 
shown that it is indeed possible to maintain sperm sup- 
pression for as long as 32 weeks with lower hormone 
doses than those used to induce the suppression (Wein- 
bauer et al, 1988; Swerdloff et al, 1998; Costantino et al, 
unpublished data). However, even these recent reports 
have given conflicting results (Behre et al, 2001). The use 
of inadequate regimens for maintenance of sperm sup- 
pression may account for the different ability to maintain 
gonadotropin, and thus sperm suppression, with the 2 reg- 
imens. However, this concept remains potentially very in- 
teresting and deserves to be explored further as the use 
of a lower hormonal load for long-term maintenance of 
sperm suppression may increase safety and decrease the 
cost, as well as increase acceptability and decrease side 
effects of the contraceptive. 

None of these trials has reported major adverse effects 
that would discourage continuation of the hormonal com- 
bination. However, only years of clinical use will permit 
evaluation of the potential risks of hormone administra- 
tion for contraception in men. It is speculated that avoid- 
ance of supraphysiological T levels results in a lower in- 
cidence of long-term adverse = effects on health. When a 
progestin is added to the androgen for enhancement of 
sperm suppression, it must be administered at doses that 
are sometimes higher than those used in women. There- 
fore, at these dosages some activities of the progestin that 
are negligible in female contraceptives may reach physi- 
ological significance in male contraceptives. The choice 
of the progestin is also very important. The use of pro- 
gestins with favorable biological and pharmacological 
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NET/A/E - injectable T 
n- 4 regimens 
49/54 azoospermia 
men 



NET/A/E + non-injectable T 
n* 4 regimens 
26/41 azoospermic 



Figure 6. Rates of azoospermia after norethisterone (NET), NET enan- 
thate (NETE), or NET acetate (NETA) and testosterone undecenoate 
(TU) injections or oral administration of NETA and noninjectable testos- 
terone (T; oral or percutaneous). Full circles indicate rate of azoospermia 
achieved with each different regimen. Lines represent mean of the azo- 
ospermic rates in the 2 groups of studies. Odds ratio of azoospermia 
was calculated comparing oral vs injectable T regimens. See text and 
Table 6 for details. 



characteristics, which in this case means progestins de- 
void of strong androgenic or antiandrogenic activities at 
the doses used for induction of gonadotropin/sperm sup- 
pression, will certainly increase the long-term safety of 
these regimens. 

Previous trials have shown that with the steroid for- 
mulations currently available, long-acting and depot for- 
mulations are more effective in inducing sperm suppres- 
sion compared with the noninjectable formulations. Pre- 
vious surveys reported that the majority of men from dif- 
ferent countries agreed that injectable contraceptives 
would be more convenient compared with the currently 
available male contraceptives (Ringheim, 1999) There- 
fore, these long-acting androgen-progestin combinations 
promise to be welcomed by many men as a favorable 
alternative to currently available methods. A recent sur- 
vey reported that men of different cultures find the pill 
more convenient to use compared with injections (Glasier, 
1999). As with female contraception, the availability of a 
wide range of formulations of hormonal male contracep- 
tives will allow for increased acceptability and compli- 
ance in men. Therefore, the task of developing nonin- 
jectable formulations that can be delivered orally or trans- 
dermal^ will remain a high priority in the male contra- 
ceptive agenda. 

Conclusions 

After so many years since the introduction of the female 
hormonal contraception, results of the latest studies have 
demonstrated that male hormonal contraception can be- 
come a reality. A recent cross-cultural survey has indi- 
cated that the majority of men would be willing to use 
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Figure 7. Rates of azoospermia after oral administration of desogestrel 
(DSG) in combination with injectable testosterone (T: testosterone enan- 
thate [TE] or T pellets) or noninjectable T (transdermal). Full circles in- 
dicate rate of azoospermia achieved with each different regimen. Lines 
represent mean of the azoospermic rates in the 2 groups of studies. 
Odds ratio of azoospermia was calculated comparing noninjectable vs 
injectable T regimens. See text and Table 7 for details. 



hormonal contraceptives and that women would trust their 
male partners to use them. Long-acting or depot injectable 
androgen-progestin formulations provide optimal sperm 
suppression with minimal short-term metabolic adverse 
effects that promise to result in high long-term safety of 
these regimens. Phase III multicenter clinical trials are 
now awaited for testing the contraceptive effectiveness of 
these hormonal regimens. Additionally, more research is 
needed to develop new steroid preparations with better 
biological properties, such as progestins with more potent 
gonadotropin activity, selective progestin modulators or 
long-acting androgen preparations, or new oral androgen 
formulations, to improve the long-term safety of these 
regimens and increase choice. 
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ABSTRACT 

To compare objectively the efficacies of spironolactone (100 mg/ 
day), flutamide (250 mg/day), and finasteride (5 mg/day) in the treat- 
ment of hirsutism, 40 hirsute women were randomly assigned to 
double blind treatments with 1 of these 3 drugs or placebo for 6 
months. Before and at the end of treatment, hirsutism was quanti- 
tatively measured in each subject by determination, by computer- 
assisted light microscopy, of the largest diameter of 5 hairs plucked 
from the linea alba. These measurements were averaged to produce 
a mean hair shaft diameter. For each subject, baseline and posttreat- 
ment assessments were carried out at the same time by an investi- 
gator blinded to both time and type of therapy. In addition, a semi- 
quantitative clinical evaluation was carried out by a modification of 
the Ferriman-Gallwey (F-G) scoring method, performed by a single 
investigator. At baseline the 4 groups of women had similar hair 



HIRSUTISM is a very common clinical problem in endo- 
crinological practice, with potentially serious psycho- 
social consequences (1). Mechanical hair removal is effective in 
many hirsute women. Nevertheless, a pharmacological ap- 
proach is often required in subjects with moderate to severe 
hirsutism to suppress androgen production and /or action. 
Contraceptives are widely used for this purpose, but their ef- 
ficacy is limited in established hirsutism (2). Although GnRH 
analogs may be indicated in selected patients (3), the most 
reliable therapeutic tool in these women is the use of antian- 
drogen drugs, usually in association with nonandrogenic oral 
contraceptive therapy (2). 

Spironolactone and cyproterone acetate are the antiandro- 
gens most commonly used in the treatment of hirsutism. Both 
of these steroidal compounds possess intrinsic hormonal 
activity and interfere with steroidogenesis (4, 5). In addition, 
cyproterone acetate shows significant antigonadotropic ef- 
fects. Side-effects of these drugs include frequent menstrual 
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diameters and F-G scores. After 6 months of therapy all groups of 
subjects given active drugs showed reductions of their hair diameters, 
without statistically significant differences among groups (mean 
change ± SEM, -11.7 ± 5.6%, -18.0 ± 6.1%, and -12.6 ± 6.7%, 
respectively, in the spironolactone, flutamide, and finasteride 
groups). F-G scores were also significantly reduced in women receiv- 
ing antiandrogen drugs, again without differences among groups 
(mean change, -41.0 ± 5.5%, -38.9 ± 7.2%, and -31.6 ± 3.7%, 
respectively). No significant changes from baseline values were re- 
corded by either hair diameter (-1.4 ± 5.2%) or F-G score (+5.4 ± 
3.7%) assessment in the placebo group. In conclusion, spironolactone, 
flutamide, and finasteride are all effective in the treatment of hir- 
sutism. After a 6-month course of therapy, the clinical efficacies of 
these drugs, at least at the doses used, are similar. («/ Clin Endocrinol 
Metab 85: 89-94, 2000) 



irregularity. The progestinic activity of cyproterone acetate 
requires this drug to be associated with estrogens. 

Other antiandrogen drugs, such as flutamide and finas- 
teride, have been proposed in the treatment of hirsutism. 
Flutamide is a nonsteroidal compound that seems to act only 
at the androgen receptor site and is therefore considered a 
pure antiandrogen (6). However, some data suggest that 
flutamide might also reduce the synthesis of androgens (7) 
and /or increase their metabolism to inactive molecules (8). 
This drug is efficaciously used in the treatment of advanced 
prostatic carcinoma and was successfully evaluated in hir- 
sute women (9-11). Liver toxicity is a rare but potentially 
severe side-effect of flutamide (12). 

Finasteride is a very potent competitive inhibitor of the 
type 2 isoenzyme of 5a-reductase, the enzyme responsible 
for conversion of testosterone to the active metabolite dihy- 
drotestosterone (13). The drug has recently been approved 
for the treatment of benign prostatic hyperplasia (14). As 
increased 5cr-reductase activity is considered a pathogenetic 
mechanism of hirsutism (15), selective enzyme inhibition has 
been proposed as a rational medical approach to this con- 
dition as well. Consistently, studies in hirsute women gave 
promising results, without appreciable side-effects (16-18). 

Rigorous clinical trial methodology is very rarely encoun- 
tered in reports evaluating antiandrogenic therapies in hir- 
sute women (1, 19, 20). Furthermore, the majority of re- 
searchers who previously assessed the effects of these drugs 
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used subjective parameters, namely the Ferriman-Gallwey 
(F-G) (21) or other similar scoring systems, as the only meth- 
ods to measure hirsutism, making comparison of data among 
different studies unreliable (19). In addition, in several stud- 
ies antiandrogens were given in combination with oral con- 
traceptives, making it difficult to quantify the therapeutic 
efficacies of the antiandrogen compound and the estrogens 
separately. Until now only a few studies directly compared 
the clinical efficacies of different antiandrogen drugs in hir- 
sute women. Although some of these studies used objective 
methods to measure hair growth (17, 22, 23), none of them 
was double blind or placebo controlled. Thus, the scale of 
relative potency of these drugs remains undetermined. 

To address this issue, the present study compared the 
clinical efficacy, in 40 hirsute women, of a 6-month course of 
double blind, placebo-controlled treatments with spirono- 
lactone, flutamide, or finasteride. Hair growth was estimated 
by both a modification of the F-G score and the objective 
measurement of shaft diameters of hairs plucked from the 
linea alba. 

Materials and Methods 

Subjects 

Forty young women (age, 20.4 ± 0.5 yr; body mass index, 24.5 ± 0.7 
kg/m 2 ; mean ± sem), consecutively referred to our division for mod- 
erate to severe hirsutism, were included in the study. The mean modified 
F-G score (24) was 17.5 ± 0.7 (range, 11-27.5). Two subjects also suffered 
from mild acne. 

Twenty-one women had polycystic ovary syndrome, diagnosed 
according to the presence of hyperandrogenism and chronic anovu- 
lation (25). All of them showed a 17-hydroxyprogesterone hyperre- 
sponse to GnRH agonist testing (26). Eighteen of these subjects had 
ol igoa menorrhea . 

Cushing's syndrome, adrenal enzyme defects, adrenal and ovarian 
tumors, hyperprolactinemia, and thyroid dysfunction were excluded in 
each subject. No patient suffered from any other disease or had been 
treated with oral contraceptives or antiandrogen drugs in the previous 
12 months. 

Patients were clearly informed of potential risks of the treatments, 
with a particular caution to avoid pregnancy because of possible male 
fetus feminization. Sexually active women were advised to use barrier 
contraceptive methods or intrauterine devices during the study. The 
study was conducted in accordance with the Declaration of Helsinki on 
human experimentation. Each patient gave her written informed con- 
sent to the study protocol, which was approved by the local ethical 
committee. 

Protocol 

Patients were randomly assigned to double blind treatments, once 
daily orallv as a wafer capsule, for 6 months with one of the following: 
1) spironolactone (100 mg), 2) flutamide (250 mg), 3) finasteride (5 mg), 
or 4) placebo. Basally and at the end of treatment, hirsutism and hor- 
monal parameters were evaluated in each subject, as described below. 

Patients were instructed to report any untoward effect during the 
treatment period. In addition, safety parameters were assessed before 
treatment and at 2-month intervals during the study. The safety eval- 
uation comprised hematology tests (hemoglobin, red blood cells, white 
blood cells, platelets, and leukocyte differential count) and biochemistry 
tests (plasma glucose, uric acid, liver and renal function, and serum 
electrolytes). To be considered clinically significant, changes in safety 
parameters had to either exceed the normal limits or double the baseline 
values. 

Hirsutism assessment 

Hair growth assessment included both an objective method and a 
hirsutism score, graded by a modified F-G method. An objective eval- 



uation of hirsutism in each patient was obtained by averaging the largest 
diameters of five hairs plucked, using regular facial tweezers, from a 2 x 
2-cm area in the linea alba. To avoid any hair damage, hairs were not 
cut, shaved, or submitted to any cosmetic procedures in this specific area 
for 3 months beforehand. Plucking was immediately followed by shav- 
ing, and no additional cosmetic measure was allowed in this body region 
throughout the study. Hairs were gently embedded in Eukitt (mounting 
medium O, Kindler GmbH & Co., Freiburg, Germany) on a glass mi- 
croslide, using a small anatomical forceps; they were mounted longi- 
tudinally on the slide and protected by a cover glass previously bathed 
with xilol. 

The slides were examined using a fully integrated, optical microscope 
(Leitz DMRB, Wetzlar, Germany), with a 12-V, 100-watt halogen illu- 
minator for transmitted light and a computer workstation system, the 
CAS 200/486 imaging analysis system (Cell Analysis Systems, Inc., 
Elmhurst, IL). This device included an IBM enhanced AT computer, two 
full-color display monitors, a graphics and system control /menu selec- 
tion monitor, and a digital image display for displaying real-time digital 
images. Internally, images are stored at 256 X 256 pixel resolution, with 
the corresponding image resolution determined by the objective lens 
chosen (27). The image analysis program used was Micrometer version 
0.7, application 1992 (Cell Analysis Systems, Inc., version 1.0). Hair shaft 
diameter was measured at X 10 magnification, and the Video Trace mode 
was used for drawing a line from one point to another. Vertical reso- 
lution was 0.0 766053 //i-m, and horizontal resolution was 0.0446314/ ^m. 
The hair shaft diameter was measured just above the keratogenous zone. 
This zone appears as a dark area of the hair shaft located above the hair 
bulb. In this area, hair matrix cells undergo complete keratinization, and 
the hair fiber decreases in diameter by about 25%, mainly because of 
water loss. A mean hair shaft diameter was obtained for each patient by 
averaging the measurements obtained from the anagen hairs present in 
the sample. 

All measurements relative to each patient were made at the same time 
by a single investigator blinded to both time and type of therapy. With 
this method, both intra- and intersubject mean coefficients of variation 
were less than 2%. 

A semiquantitative, clinical evaluation of hirsutism was also per- 
formed in these subjects by a modification of the F-G method (24). The 
hirsutism scores were determined twice in the pretreatment period, with 
a 3-month interval between measurements, and subsequently at the end 
of the 6-month treatment period. Patients using cosmetic measures were 
requested not to depilate for at least 1 month before each evaluation. All 
evaluations were carried out by a single investigator, blinded to the 
ongoing therapy. The mean difference in hirsutism scores for each sub- 
ject between the two baseline evaluations was 0.4 (range, 0-3.5). 

The patients' subjective opinion of the clinical outcome of therapy 
(excellent, good, fair, or poor) was also obtained. In addition, before and 
at the end of treatment each woman completed a questionnaire speci- 
fying any cosmetic measures for hair removal, with details of type 
(plucking, waxing, shaving, bleaching, or depilatory cream), site, and 
frequency. 



Endocrine assessments 

A standard hormonal profile, including serum gonadotropins and 
androgens (total and free testosterone, dehydroepiandrosterone sulfate, 
androstenedione, and 3a-androstanediol glucuronide), was determined 
at baseline and at the end of treatment from a blood sample obtained at 
0800 h. Twenty-four-hour urine was collected at the same time points for 
C 19 and C 21 steroid metabolite determinations. In the eumenorrheic 
patients blood samples were collected in the early follicular phase of the 
menstrual cycle, whereas in the oligoamenorrheic subjects luteal phase 
was excluded by serum progesterone assay. 



Assays 

Serum hormones were measured by commercial kits, as previously 
described (16). All samples from each patient were run in the same assay, 
in duplicate. Urinary steroid metabolites were assayed by gas chroma- 
tography, as previously described (16). 
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Statistics and calculations 

Results were analyzed by Student's t test for paired and unpaired 
data, Wilcoxon's rank sum test, and ANOVA. All tests of significance 
were two tailed, and P ^ 0.05 was considered significant- Etiochol- 
anolone/androsterone and tetrahydrocortisol/allotetrahydrocortisol 
urinary metabolite ratios were calculated as indexes of 5a-reductase 
activity. Data were expressed as the mean ± sem. 

Results 

Tolerability 

Metrorrhagias were reported by five women, all given 
spironolactone. This side-effect was transient in four subjects 
and sustained in one, but not so severe as to require inter- 
ruption of treatment. On the other hand, previous menstrual 
abnormalities improved after treatment in five patients 
(three in the flutamide group and one in each of the other 
groups receiving active drugs). 

One patient receiving flutamide complained of sleepiness 
and hyporexia, which spontaneously disappeared after the 
first month of therapy. One woman in the finasteride group 
complained of a transient sensation of being "swollen." Fi- 
nally, one patient in the placebo group reported mild, tran- 
sient headache and nausea. 



Safety parameters did not show significant changes in any 
subject during the study period. 

Hirsutism 

At baseline, mean shaft diameters of hairs plucked from 
the linea alba and modified F-G scores were comparable in 
the four groups of hirsute women (Table 1). After 6 months 
of therapy, all groups of subjects given active drugs showed 
significant decreases in hair diameter (Fig. 1), without dif- 
ferences among groups (144 ± 12 vs. 164 ± 8, 139 ± 10 vs. 
172 ± 13, and 146 ± 8 vs. 172 ± 9 /mm, respectively, in the 
spironolactone, flutamide, and finasteride groups; all P < 
0.01 vs. changes in the placebo group). Hirsutism scores also 
showed significant improvements in women receiving an- 
tiandrogen drugs (Fig. 1), without statistically significant 
differences among groups (10.0 ± 1.1 vs. 16.9 ± 0.9, 11.1 ± 
1.8 vs. 17.5 ± 1.5, and 13.0 ± 1.3 vs. 18.4 ± 1.3 in the three 
groups; all P < 0.001 vs. placebo). Similar improvements 
were found in women with polycystic ovary syndrome and 
in those with non ovarian hyperandrogenism considered as 
a whole, regardless of treatment group (changes in hair di- 
ameter, -1 1.9 ± 4.8% vs. -15.7 ± 5.2%; changes in hirsutism 



TABLE 1. Baseline clinical characteristics of hirsute women divided according to treatment 



Spironolactone 



Flutamide 



Finasteride 



Placebo 



No. 

Age (yr) 
BMI (kg/m 2 ) 

Modified Ferri man-Gall wey score 
Hair diameter (/xm) 
Menses (irregular/regular) 
PCOS/other 

Cosmetic measures (yes/no) 



10 

19.7 ± 0.7 
25.3 ± 1.4 
16.9 ± 0.9 
164 ± 8 

2/8 

4/6 

5/5 



10 

20.2 ± 1.1 
23.6 ± 1.0 
17.5 i 1.5 
172 ± 13 

8/2 

8/2 

4/6 



10 

19.8 ± 0.8 

23.3 ± 0.7 

18.4 ± 1.3 
172 ± 9 

4/6 
4/6 
8/2 



10 

21.8 ± 1.3 
25.8 ± 2.0 
17.2 £ 1.6 
153 ± 7 

4/6 

5/5 

7/3 



NS 
NS 
NS 
NS 
NS 
NS 
NS 



' By ANOVA or k £ % as appropriate. 



Ferriman-Gallwey score 



Hair shaft diameter 



A%120 



100 



80- 



60 



40 




A % 120 -| 



100 



Flutamide 
Spironolactone 
Finasteride 
Placebo 



80- 



60 



Basal 



After treatment 



40 




Basal 



After treatment 



* p<0.01 placebo vs other groups 

Fic. 1. Changes after therapy (&%) in modified F-G score and mean hair shaft diameter in the four treatment groups. 
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score, -41.6 ± 4.3% vs. -31.0 ± 4.8%). No significant changes 
from baseline values were found by either hair diameter 
(156 ± 11 vs. 153 ± 7 /xm) or hirsutism score (18.0 ± 1.7 vs. 
17.2 ± 1.6) in the placebo group. 

Before treatment 24 women were using cosmetic mea- 
sures. These consisted of waxing (n = 20), waxing and pluck- 
ing (n = 2), waxing and shaving (n = 1), or depilatory cream 
(n = 1), with variable frequency (2-30 days). Changes in 
these procedures were reported only by patients given active 
drugs. Four of these subjects (2 in the spironolactone and 2 
in the flutamide groups) stopped waxing. All of the other 13 
women given antiandrogens' reported a reduction in fre- 
quencies of hair removal procedures, without substantial 
differences among groups (data not shown). On the other 
hand, no change was reported by women receiving placebo. 

Patients' self-evaluations of clinical outcome at the end of 
the study were also consistent with changes in hair diameter 
and hirsutism score (Table 2). 

Clinical and endocrine features 

Tables 1 and 3 show the main clinical and endocrine fea- 
tures of women in the four groups, before and during the 
trial. At baseline all groups showed similar characteristics. 
The frequency of menstrual irregularities was higher in the 
flutamide group, but this difference was not statistically 
significant. 

After treatment a significant reduction of serum dehydro- 
epiandrosterone sulfate was found in the flutamide group, 
whereas 3a-androstanediol glucuronide levels, an index of 
5«-reductase activity, were significantly reduced in the fin- 
asteride group. Consistently, women given finasteride also 
showed significant increases in C l9 and C 21 urinary 5/3/5a- 
steroid metabolite ratios (data not shown). Free testosterone 
showed a tendency to decrease in the flutamide group and 
to increase in the finasteride group, but these differences did 
not reach statistical significance. Women given spironolac- 

TABLE 2. Patients' self-evaluation of clinical outcome of the 
therapy 





Spironolactone 


Flutamide 


Finasteride 


Placebo 


Excellent 


3 


4 


1 


0 


Good 


1 


4 


4 


0 


Fair 


5 


1 


4 


1 


Poor 


1 


1 


1 


9 



tone as well as those given placebo did not show any changes 
in endocrine parameters. 

Discussion 

The vast majority of the published work concerning hir- 
sutism treatment shows considerable shortcomings, such as 
lack of a control group, assessment of results only by sub- 
jective methods, or too short a duration in relation to the 
physiology of hair growth (1, 19, 20). These limitations make 
it at present impossible to establish a scale of relative potency 
among antiandrogen drugs. Indeed, some of the few con- 
trolled studies were even unable to demonstrate differences 
in hair growth during antiandrogen therapy vs. placebo ad- 
ministration (4). Furthermore, until now only a limited num- 
ber of studies directly compared the clinical efficacies of 
different antiandrogen drugs in the treatment of hirsute 
women (17, 22, 23, 28-34). Although some of these studies 
were randomized (17, 22, 28, 31), only a few used objective 
measures of hair growth (17, 22, 23), and none of them was 
double blind or placebo controlled. 

The present study is the first to evaluate the efficacy on 
hirsutism of three different drugs, spironolactone, flut- 
amide, and finasteride, by a rigorous clinical trial meth- 
odology of a double blind, placebo-controlled, random- 
ized study. Furthermore, hair growth changes were 
measured not only by the subjective F-G scoring, com- 
monly used in clinical practice as a semiquantitative mea- 
sure of degree of hirsutism, but also by an objective 
method, measurement of hair shaft diameters. This 
method was previously validated and used in clinical tri- 
als (19), although its sensitivity, at least using simple op- 
tical microscopy, is not high (3, 19). To increase both the 
sensitivity and reproducibility of this procedure, in the 
present study a computer-assisted measurement was per- 
formed. On the other hand, although other procedures 
have been proposed for the objective measurement of hair 
growth, at present none of them may be considered a gold 
standard (19). Our data were further supported by con- 
sistent results of patients' self-evaluation of clinical out- 
come and by changes in frequency of recourse to mechan- 
ical hair removal. 

In this study the changes in F-G score were 2-3 times 
greater than those in hair diameter. This observation is not 
surprising, as subjective perception of hair growth excess 



TABLE 3. Standard hormonal profiles, before and after treatment, in the four treatment groups 



Spironolactone 



Flutamide 



Finasteride 



Placebo 



Basal 



After 
treatment 



Basal 



After 
treatment 



Basal 



After 
treatment 



Basal 



After 
treatment 



Free testosterone 


3.47 


± 


0.31 


3.43 




0.24 


3.36 




0.45 


2.78 




0.27 


3.50 


± 


0.41 


4.24 




0.42 


3.21 


± 


0.29 


3.25 




0.32 


(pg/mL) 
DHEA-S (fj.g/L) 


2177 


-+- 


319 


2336 




270 


1962 




231 


1349 




188° 


2380 




175 


2079 


± 


183 


2158 


± 


229 


1707 




134 


3cr-Androstanediol 


4.24 


■4- 


0.56 


5.64 




0.66 


4,05 




0.71 


3.54 




0.40 


6.40 


■+■ 


1.23 


2.86 


± 


0.78 u 


5.05 


-+- 


0.80 


5.06 




0.64 


glucuronide 


















































(ng/mL) 
LH (IU/L) 


7.7 




1.4 


8.3 




1.4 


5.5 


■4- 


0.9 


8.3 




1.7 


6.5 


■+ 


1.1 


6.6 




1.5 


7.4 


-»- 


1.1 


7.1 


-+- 


1.7 


FSH (IU/L) 


4.9 




0.2 


5.3 




0.2 


5.1 




0.3 


4.8 




0.4 


4.9 




0.2 


4.7 


± 


0.5 


5.5 




0.4 


5.6 




0.5 



Values are the mean ± SEM. 
a P < 0.01 vs. basal. 
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depends not only on hair diameter, but also on the length and 
density of terminal hairs. 

The present controlled trial demonstrates that spironolac- 
tone, flutamide, and finasteride are effective in the treatment 
of hirsutism, supporting conclusions of previous, almost all 
uncontrolled, studies (17, 22, 23, 28-30, 32). However, the 
most interesting finding of the present study is that, in a 
population of unselected women with moderate to severe 
hirsutism, the clinical efficacies of these drugs were similar 
despite their differing mechanisms of action. 

Spironolactone has been given to hirsute women in pre- 
vious studies in doses ranging from 50-400 mg/day (4). The 
large majority of researchers used daily doses of 100 mg, as 
in the present trial, because an increased frequency of side- 
effects is associated with higher doses (35). Flutamide, too, 
was previously given to hirsute women in a large range of 
doses, from 250-750 mg/day (10, 11, 36, 37). We chose the 
lowest of these amounts to minimize any potential risk of 
liver toxicity. Furthermore, a dose-range study reported sim- 
ilar improvements in hirsutism with 250 vs. 500 mg flutamide 
(37). On the other hand, 5 mg finasteride is the dose used in 
all published trials with this drug, although similar effects on 
skin androgens were found with 1 mg (38). 

We cannot exclude that by using different doses of drugs 
or by extending the duration of treatments it might be pos- 
sible to identify some differences in clinical efficacy among 
these drugs. Nevertheless, differences of clinical relevance 
are unlikely. This opinion is supported by the observation 
that the extent of improvements in F-G score in this study 
was roughly comparable with previously reported results at 
higher doses of these antiandrogens (4, 36, 37), although in 
a short term (3-month) trial Lobo et al. (39) showed greater 
reduction of hair shaft diameters with 200 than 100 mg/day 
spironolactone. Another potential bias is the different per- 
centage of ovarian vs. nonovarian hyperandrogenism in our 
treatment groups, although this difference did not reach 
statistical significance. However, considering the whole pop- 
ulation of women receiving active drugs, we did not find any 
difference in improvement of hirsutism between subjects 
with polycystic ovary syndrome and those with other forms 
of androgen excess. 

The tolerability of antiandrogen drugs examined in the 
study was good, with the noticeable exception of polymen- 
orrhea in 50% of subjects given spironolactone. This is a well 
known adverse effect of the drug. However, in most of these 
women the side-effect was transient, resolving within 3 
months. No patient receiving flutamide showed liver toxic- 
ity. This side-effect of flutamide showed a low incidence 
(<0.5%), but was occasionally fatal in large populations of 
men with advanced prostate carcinoma treated with 750- 
1500 mg/day (12). We and others previously also observed 
occasional mild, transient hepatotoxicity in women given 
low doses of the drug (375-500 mg/day) (11, 40). As a whole, 
these observations suggest that the use of this compound for 
the treatment of hirsutism should be carefully challenged in 
each subject. On the other hand, Diamanti-Karamandis et al 
recently reported that flutamide has favorable effects on lipid 
profile in women with polycystic ovarian syndrome (41); this 
effect is of clinical interest in subjects who frequently show 
several metabolic abnormalities (42). From the point of view 



of tolerability, finasteride, devoid of appreciable side-effects, 
seems to be the current best choice. It should be borne in 
mind that all antiandrogens imply the need to avoid a preg- 
nancy, given the potential risk of feminization of male 
fetuses. 

Finally, at the doses vised in this study the retail costs of 
a 1-month course of therapy are $21.3, $95.4, and $56.1, re- 
spectively for spironolactone, flutamide, and finasteride 
(source of data: drugstore.com web site, July 26, 1999). This 
aspect should also be considered in the choice of an antian- 
drogen therapy, particularly as the efficacies of these drugs 
are similar. 

In conclusion, this double blind, placebo-controlled study 
demonstrates that spironolactone, flutamide, and finasteride 
are all effective in the treatment of hirsutism. Moreover, after 
a 6-month course of therapy the clinical efficacies of these 
drugs are similar. Further research should investigate the 
potential for synergic effects of combined therapies with 
drugs acting at different levels in androgen secretion and / or 
action. 

Acknowledgments 

We thank Ms. Alessandra Rossi and Ms. M. Grazia Zanotti for their 
invaluable assistance. We also extend sincere thanks to Mr. Luciano 
Meneghelli for his excellent secretarial support. 

References 

1. Jeffcoate W. 1993 The treatment of women with hirsutism. Clin Endocrinol 
(Oxf). 39:143-150. 

2. Rittmaster RS. 1995 Medical treatment of androgen-dependent hirsutism. 
J Clin Endocrinol Metab. 80:2559-2563. 

3. Azziz R, Ochoa TM, Bradley EL, Potter HD, Boots LR. 1995 Leuprolide and 
estrogen vs oral contraceptive pills for the treatment of hirsutism: a prospective 
randomized study. J Clin Endocrinol Metab. 80:3406-3411. 

4. McMullen GR, Van Herle AJ. 1993 Hirsutism and the effectiveness of spi- 
ronolactone in its management. J Endocrinol Invest. 16:925-932. 

5. Neumann F. 1977 Pharmacology and potential use of cyproterone acetate. 
Horm Metab Res. 9:1-13. 

6. Simard J, Luthy I, Guay J, Belanger A, Labrie F. 1986 Characteristics of 
interaction of the antiandrogen flutamide with the androgen receptor in var- 
ious target tissues. Mol Cell Endocrinol. 44:261-270. 

7. Ayub M, Levell MJ. 1987 Inhibition of rat testicular 17«-hydroxylase and 
17,20-lyase activities by anti-androgens (flutamide, hydroxy flutamide, 
RU23908, cyproterone acetate) in vitro. J Steroid Biochem. 28:43-47. 

8. Brochu M, Belanger A, Dupont A, Cusan L, Labrie F. 1987 Effects of flutamide 
and aminoglutethimide on plasma 5a-reduced steroid glucuronide concen- 
trations in castrated patients with cancer of the prostate. J Steroid Biochem. 
28:619-622. 

9. Cusan L, Dupont A, Belanger A, Tremblay RR, Manhes G, Labrie F. 1990 
Treatment of hirsutism with the pure antiandrogen flutamide. J Am Acad 
Dermatol. 23:462-469. 

10. Couzinet B, Pholsena M, Young J, Schaison G. 1993 The impact of a pure 
anti-androgen (flutamide) on LH, FSH, androgens and clinical status in idio- 
pathic hirsutism. Clin Endocrinol (Oxf). 39:157-162. 

11. Moghetti P, Castello R, Negri C, et al. 1995 Flutamide in the treatment of 
hirsutism: long-term clinical effects, endocrine changes, and androgen receptor 
behavior. Fertil Steril. 64.511-517. 

12. Wysowski DK, Freiman JP, Tourtelot JB, Horton ML. 1993 Fatal and nonfatal 
hepatotoxicity associated with flutamide. Ann Intern Med. 118:860 - 864. 

13. Jenkins EP, Andersson S, Imperato-McGinley J, Wilson JD, Russell DW. 
1992 Genetic and pharmacological evidence for more than one human steroid 
5o-reductase. J Clin Invest. 89:293-300. 

14. Rittmaster RS. 1994 Finasteride. N Engl J Med. 330.120-125. 

15. Serafini P, Lobo RA. 1985 Increased 5« reductase activity in idiopathic hir- 
sutism. Fertil Steril. 43:74-78. 

16. Moghetti P, Castello R, Magnani CM, et al. 1994 Clinical and hormonal effects 
of the 5a-reductase inhibitor finasteride in idiopathic hirsutism. J Clin Endo- 
crinol Metab. 79.1115-1121. 

17. Wong 1L, Morris RS, Chang L, Spahn M, Stanczyk FZ, Lobo R. 1995 A 
prospective randomized trial comparing finasteride to spironolactone in the 
treatment of hirsute women. J Clin Endocrinol Metab. 80:233-238. 

18. Castello R, Tosi F, Perrone F, Negri C, Muggeo M, Moghetti P. 1996 Outcome 



Downloaded from jcem.endojournals.org by on October 20, 2009 



94 MOGHETTI ET AL. 



of long-term treatment with the 5or-reductase inhibitor finasteride in idiopathic 
hirsutism: clinical and hormonal effects during a 1-year course of therapy and 
1-year follow-up. Fertil Steril. 66:734-740. 

19. Rittmaster RS. 1995 Gonadotropin-releasing hormone (GnRH) agonist and 
estrogen /progestin replacement for the treatment of hirsutism: evaluating the 
results [Editorial], J Clin Endocrinol Metab. 80:3403-3405. 

20. Barth JH. 1996 How robust is the methodology for trials of therapy in hirsute 
women? Clin Endocrinol (Oxf). 45:379-380. 

21. Ferriman D, Gallwey JD. 1961 Clinical assessment of hair growth in women. 
J Clin Endocrinol. 21:1440-1447. 

22. O'Brien RC, Cooper ME, Lamurray RML, Seeman E, Thomas AK, Jerums G. 
1991 Comparison of sequential cyproterone acetate/ estrogen vs. spironolac- 
tone /oral contraceptive in the treatment of hirsutism. J Endocrinol Metab. 
72:1008-1013. 

23. Falsetti L, De Fusco D, Eleftheriou G, Rosina B. 1997 Treatment of hirsutism 
by finasteride and flutamide in women with polycystic ovary syndrome. 
Gynecol Endocrinol. 11:251-257. 

24. Hatch R, Rosenfield RL, Kim MH,Tredway D. 1981 Hirsutism: implications, 
etiology, and management. Am J Obstet Gynecol. 140:815-830. 

25. Zawad'zky JK, Dunaif A. 1992 Diagnostic criteria for polycystic ovary syn- 
drome: towards a rational approach. In: Dunaif A, Givens JR, Haseltine FP, 
Merriam GR, eds. Current issues in endocrinology and metabolism: polycystic 
ovary svndrome. Boston: Blackwell; 377-384. 

26. Ehrmann DA, Barnes RB, Rosenfield RL. 1995 Polycystic ovary syndrome as 
a form of functional ovarian hyperandrogenism due to dysregulation of an- 
drogen secretion. Endocr Rev. 16:322-369. 

27. Bacus JW, Grace LJ. 1987 Optical microscope system for standardized cell 
measurements and analyses. Appl Optics. 26:3280-3293. 

28. Cusan L, Dupont A, Gomez JL, Tremblay RR # Labrie F. 1994 Comparison of 
flutamide and spironolactone in the treatment of hirsutism: a randomized 
controlled trial. Fertil Steril. 61:281-287. 

29. Erenus M, Gurbuz O, Durmusoglu F, Demircay Z, Pekin S. 1994 Comparison 
of the efficacy of spironolactone vs. flutamide in the treatment of hirsutism. 
Fertil Steril. 61:613-616. 

30. Erenus M, Yucelten D, Gurbuz O, Durmusoglu F, Pekin S. 1996 Comparison 



of oral contraceptive vs. cyproterone acetate-estrogen regimens in the treat- 
ment of hirsutism. Fertil Steril. 66:216-219. 

31. Grigoriou O, Papadias C, Konidaris S, Antoniou G, Karakitsos P, Giannikos 
L. 1996 Comparison of flutamide and cyproterone acetate in the treatment of 
hirsutism: a randomized controlled trial. Gynecol Endocrinol. 10:119-123. 

32. Erenus M, Yucelten D, Durmusoglu F, Gurbuz O. 1997 Comparison of fin- 
asteride vs. spironolactone in the treatment of idiopathic hirsutism. Fertil Steril. 
68:1000-1003. 

33. Zemtsov A, Wilson L. 1997 Successful treatment of hirsutism in HAIR-AN 
syndrome using flutamide, spironolactone, and birth control therapy. Arch 
Dermatol. 133:431-433. 

34. Kelestimur F, Sahin Y. 1998 Comparison of diane 35 and diane 35 plus 
spironolactone in the treatment of hirsutism. Fertil Steril. 69:66-69. 

35. Conn JJ, Jacobs HS. 1997 The clinical management of hirsutism. Eur J Endo- 
crinol- 136:339-348. 

36. Marcondes JAM, Minnani SL, Luthold WW, Wajchenberg BL, Samojlik E, 
Kirschner MA. 1992 Treatment of hirsutism in women with flutamide. Fertil 
Steril. 57:543-547. 

37. Mudcrris II, Bayram F, Sahin Y, Kelestimur F. 1997 A comparison between 
two doses of flutamide (250 mg/d and 500 mg/d) in the treatment of hirsutism. 
Fertil Steril. 68:644-647. 

38. Dallob AL, Sadick NS, Unger W, et al. 1994 The effect of finasteride, a 
5o-reductase inhibitor, on scalp skin testosterone and dihydrotestosterone 
concentrations in patients with male pattern baldness. J Clin Endocrinol Metab. 
79:703-706. 

39. Lobo RA, Shoupe D, Serafini P, Brinton D, Horton R. 1985 The effects of two 
doses of spironolactone on serum androgens and anagen hair in hirsute 
women. Fertil Steril. 43:200-205. 

40. Wallace C Labor EA, Click CL. 1993 Hepatotoxicity complicating flutamide 
treatment of hirsutism [Letter). Ann Intern Med. 119:1150. 

41 . Diamanti-Kandarakis E, Mitrakou A, Raptis S, Tolis G, Duleba AJ. 1 998 The 
effect of a pure antiandrogen receptor blocker, flutamide, on the lipid profile 
in the polycystic ovary syndrome. J Clin Endocrinol Metab. 83:2699-2705. 

42. Dunaif A^ 1997 Insulin resistance and the polycystic ovary syndrome: mech- 
anism and implications for pathogenesis. Endocr Rev. 18:774 - 800. 



Downloaded from jcem.endojournals.org by on October 20, 2009 



PubMed 



U.S. National Library of Medicine 
National institutes of Health 




Display Settings: Abstract 
Eur Urol, 1980;6(3): 149-53. 

The effect of cyproterone acetate and orchiectomy on 
metastases from prostatic cancer. 

Pescatore D, Giberti C, Martorana G, Natta G, Giuliani L. 

We have studied 38 patients with previously untreated, widespread prostatic cancer, who were 
submitted to therapy with cyproterone acetate and orchiectomy. 70% of patients with symptoms have 
shown subjective improvement. Moreover, it was possible to observe the regression, stabilization or 
progression of metastases in 32, 50 and 18% of the cases, respectively. We conclude that such 
therapy is effective in the initial treatment of metastatic prostate cancer and can be continued under 
radiographic control until the appearance of new metastases. At this point radiotherapy and alkylating 
agents may be effective. 

PMID: 7371660 [PubMed - indexed for MEDLINE] 

Me ?H Terms, Substa^ 

LinkOut - more resources 



You are here: NCBI > Literature > PubMed 



Write to the Help Desk 



PDR* 

EH 



EDITION 



1992 



PHYS 


C 


A 


N 


S' 


DES 


K 





























Director of Production: 
MARJORIE A. DUFFY 

Assistant Director of Production: 
CARRIE WILLIAMS 

Manager of Production Services: 
ELIZABETH H. CARUSO 

Format Editor: 

MILDRED M. SCHUMACHER 

Production Coordinator: 

ELIZABETH A. KARST 

Art Associate: 

JOAN K. AKERLIND 

Medical Consultant: 

LOUIS V. NAPOLITANO, MD 



Product Manager: 

JOHN A. MALCZYNSKI 

Sales Manager: 

CHARLIE J. MEITNER 

Account Managers: 
CHAD E. ALCORN 
MICHAEL S. SARAJIAN 
JOANNE C. TERZIDES 

Commercial Sales Manager: 

ROBIN B. BARTLETT 
Direct Marketing Manager: 

ROBERT W. CHAPMAN 

Manager, Professional Data: 

MUKESH MEHTA, R.Ph. 

Index Editor: 

ADELE L. DOWD 



Copyngh, * 1 992 and pubhsned by Medic* Economics Data, a division ol Medical Economics Cornpany Inc.. at Montva*. N ^^^^^ or 3£ 
5S ofm* puWicaton maybe reproduced, stored in a retrieval system, or transmrtted in any form or by any rneans (etectrc^c. mechamcaL ^Mopyvg £ 
"Trior written perm.ssion ol the publ.sher. PHYSICIANS' DESK REFERENCE*. PDR-, PDR For Ophthalmology-. PDF I For Nonprescr^on Drugs .PDR I Drug lnierac«K>ns and 
Si* • EffecU ; and PDR indicates .rxleK • are trademarKs of Medical Econom.cs Company Inc.. registered in the United States Patent and Trademark Off.ce. 
Officers of Medcal Economics Data, a divis»on of Med,cal Economics Company Inc. President and Chiel Executive Officer: NJr^. Sr«sil M ^^P^id^ ar^ CWel 
Financial Otltcet . Joseph T. Derthorn. Seniot Vice President ol Business Development, Stephen J. Sorkenn; Semor v*ce President of Operations Mark L. Wetnstem. v.ce President. 
Sales and Marketing: Thomas F. Rice: Vice President of Circulation: Scott I. Rockman; Vice President ol Information Services: Edward J. Zeccnmi. 

ISBN t- 56363-003-6 



Best Available Copy 



S5lt992 Supplements for revisions 



Physicians' Desk Reference® 



2089 



glflSrgic: Dry mouth, blurred vision, disturbance of 
Ration, constipation, paralytic ileus, urinary reten- 
tion of urinary tract 
gjjcuian Hypotension, hypertension, tachycardia, 
jg^ myocardial infarction, arrhythmias, heart 

Neuromuscular <■ Confusiqnal states, disturbed 
pgjlion, disorientation, delusions, hallucinations, 
jnt, jitteriness, anxiety, restlessness, insomnia, 
jjgres, numbness, tingling, and paresthesias of the 
gjges, peripheral neuropathy, incoordination, ataxia, 
^feizures, alteration in EEG patterns, extrapyrami- 
ins, tinnitus. 
c . Testicular" swelling and gynecomastia in the 
JfSj&st enlargement and galactorrhea in the female, 
gj$pr decreased libido, elevation and lowering of blood 
gjSf ifl, syndrome of inappropriate ADH (antidiuretic 
■ggjSfsecretion). 

gUSestinal: Nausea, epigastric distress, heartburn, 
^anorexia, stomatitis, peculiar taste,,. diarrhea, 
parotid swelling, black tongue. Rarely, hepatitis 
^^fed (including altered liver function and jaundice). 
Otologic: r ;Bohe marrow depression mcludmg agranulo- 
^leukopenia, eosinophilia, purpura, thrombocyto- 

jpizaness, weakness, fatigue, headache, weight gain 
increased perspiration, urinary frequency, mydriasis, 
inessi alopecia. . 
JSrawal. Symptoms: Abrupt cessation . of treatment 
Sprolonged administration may produce nausea, head- 
jjt^malaise. These are not indicative of addiction. 
JSSS 'AND ADMINISTRATION ■„ • 

fflpSa ge v : - k •.«»•••• 'r 
rchoheurotic patients whose anxiety and > depression 
Combined therapy, one ETRAFON Tablet (2-25) or 
yFON-PORTE Tablet (4^-25) three or four times a 
j piineaded.v »• ■ v - .- : .i ?«••••• 

Iderly/patierits, adolescents and other -patients as indi- 
^me)ETRAFON-A Tablet X4-10) may be ad^ninistered 
e^tbur times a day as initial dosage. This dosage may 
HjSflt ed as required to produce an adequate response, 
tore^severely- illi patients ' with schizophrenia, .'two 
Ig^-FORTE *■ Tablets (4-25) three times^a day are 
mended as the initial dosage. If necessary; a fourth 
35|be ! given^at bedtime' The total daily dosage should 
ceed eight tablets of any strength: '•'*?' • y . y 

tntenance Dosage * • ' ' -'i- f* r " *V-:..v . 
awiuig on the condition being treated, the onset of thera- 
SJrejponse may vary from, a few days to a few weeks or 
^Jo^er. tAfter a satisfactory response, is noted, dosage 
tJdpfe|educed to tne smallest doW which is effective" for 
@|hel^pt6ms jTpr which ETRAPOff Tablets are be-, 
^nunlstered. , A" useful m ainte nance dosage is one 
J^T^et^JK), or one EH^FPN-B^RTE Tablet 
fou f times a o^y^ m'some patients; maintenance 
^^required* for many months. : ' ' ! " 

r **®glx '^ip;: ; ;Tabiet»;;; (s^ior mi .etrAton-a 

^10) can be used to increase flexibility in adjusting 
^ajice dosage to the lowest amount consistent with 
^'symptoms /; /; " ^ ■ : . - ' 

\AGK, r^-L fa. v- . ' r% . '.-"V 
went of overdosage, eme^ncy ''treaMent' : Bh6^d'W 
Immediately .All patients suspected of having taken 
^J^.^® should- be hospitalized as soon as possible. * : 1 
IJtotatibnsI Overdosage of perphenazine primarily 
jS^the ex^pyrjamidal mechanism ' and- produces the 
^e-effects"describe4 under -ADVERSE REACTIONS, 
jjg^^ore'marked degree. It is usually evidenced by stii- 
-j^^^ma; child ren may' have convulsive seizures. 

^wes of ETRAPON Tablets may cause, temporar^con: 
raonl^a^upi^.^^^^gp^ or j transient visual halluci- 
j^Overdosage may cause drowsiness hypothermia, 
l J^dia and other arrhytnmic ^abnormaUties^fbr exam-.. 
.-ZJ!&foE*^>Mp^ conduct . 

3S^^ye;Keart failure; dilated .pupils; convulsions;. 
^ffi^$?i^pn; M jior; ; and cpn^ O^er symptoms may 
jfi§H§$onI hypBractive. reflex^musclVl^g^ty, vomiting, 
jl^yrexiai or any of the adverse ^ reactions listed for'per- 
^ge or ajnitriptyline hydrochloride.' "» 

h with v McycUcVantidepres8ants (TGAs), such as 
ae, doxepih/or amitriptyline may result in plasma 
^ > of l,000 ng/ml or higher^ Such levels more accu- 
^fineipatients who ; are at risk for major medical com- 
ons of overdosages than 'does' the amount of drug -ih- 
J|>aaed oh patient history.' In. orie^stiidy; all patients' 
j^Uevels of this magnitude had a QRS duration of 100 
^more on a routine" EGG within the first 24 hours fol- 
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^Ttor .pa^aig (loss of conjugate movement in the so- 
'U s eyes maneuver) as a manifestation of amitripty- 



line overdosage has been reported as being significant in the 
differential diagnosis of a patient in light coma. 
Treatment: Treatment is symptomatic and supportive. 
There is no specific antidote. The patient should be induced 
to vomit even if emesis has occurred spontaneously. Pharma- 
cologic vomiting by the administration of ipecac syrup is a 
preferred method. It should be noted that ipecac has a cen- 
tral mode of action in addition to its local gastric irritant 
properties, and the cen tral m ode of action "may be blocked by 
the antiemetic effect of ETRAFON Tablets. Vomiting should 
not be induced in patients with impaired consciousness* The 
action of ipecac is facilitated by physical activity and by the 
administration of 8 to 12 fluid ounces of water. If emesis does 
. not occur within 15 minutes, the dose of ipecac should be 
repeated. Precautions against aspiration must be taken, 
especially in infants and children. Following emesis, any 
drug remaining in the stomach may be adsorbed by activated 
charcoal administered as a slurry with water. If vomiting is 
unsuccessful or contraindicated, gastric lavage should be 
performed. Isotonic and one-half isotonic saline are the la- 
vage solutions of choice. Saline cathartics, such as milk of 
magnesia, draw water into the bowel by osmosis and there- 
fore may be valuable for their action in rapid dilution of 
bowel r content > 
Standard measures (oxygen, intravenous fluids, cbrticoste- 
roids^should be used to manage circulatory shock or meta- 
bbUc ; acidosis. Ah open airway and adequate fluid intake 
should be maintained. Body temperature should be regu- 
lated. Hypothermia is expected, . but severe hyperthermia 
may occur and must be treated vigorously. (See CONTRA- 
INDICATIONS.) 

'An, electrocardiogram should be taken and close monitoring 
of cardiac function instituted if there is any sign of abnor- 
, mality. Cardiac arrhythmias may be treated with neostig- 
mine, pyridostigmine, or , propranolol. Digitalis should be 
considered for cardiac failure. Close monitoring of cardiac 
function is advisable for not le^. than five days. . 
Vasopressors such as norepinephrine may be used to treat 
hypotensibh/.but epinephrine should NOT be. used. 
The mtravenpu^'admiiustra of 1 to 3 ing physbst^inine 
salicylate has been reported to reverse the symptoms of tri- 
cyclic antidepressant poisoning and therefore, should be 
considered in the symptomatic treatment of the central anti- 
cholinergic effects due to overdosage with ETRAFON Taiy 
lets. Because physostigmine is rapidly metabolized; it should 
be re-administered as required, especially if life-threatening 
signs, such as aVrnjHtomias, cohvUlsions> or ^ deep coma recur 
or persist. • • ♦ ; 

Anticonvulsants (an inhalation anesthetic, diazepam, ■■ or 
paraldehyde) are recommended for control, of convulsions, 
since perphenazine, increases the central nervous system 
depressant action, but not the anticonvulsant action of bar- 
biturates. , - , : 
If acute p^kinson-like symptoms result from perphenazine 
intoxication," benztropine mesylate or^ diphenhydramine 
may.be administered. , . , * r . 
Central ne^puss^^mdepression may. be treated witfi nori^ 
cpnVdsant; ^oses, of CNS stimula^te 5 ..* Avoid' 'stoulants 
that may cause convulsions Ce^., picrotoxin and pentylene- 
tetrazol). ~ >. t ; 
Signs of arousal niay not occur for 48 hours. 
Dialysis is of no value because of low plasma concentrations 
of the drugr. \ f \T.' 'i- ]] ' ' W 'k 
Since overdosage is often deliberate, patients may attempt 
sindde byotter jmeans d^ Deaths by 
deliberate oKaorident^ overdosage 
class I of drugs. *., . . ." , ' * * *»* '' 

HOWSUPPLIED 

ETRAFON 2-10 Tablets (perphenazine 2 mg and amitripty- 
lme hydrochloride 10 mg): deep yeUowi su^-cbated tablets 
branded in blue-black with the Schering trademark and ei- 
ther product identification letters, ANA, or number, .287; 
bottles of lOq. (NDC„0X)8W^7-O4):and 5W (NDC 0085-0287- 
07) "ahd box "of ;100 for unit-dose dispensing (lO sfirips of 
l6;table^e^^ 

ETRAFON Tablets, (perphenazine 2 mg and amitriptyline 
hydrochloride 25, mg): pink, su^-coated tablets branded in 
red with the Schering trademark anil ieiAerp^xiduct identifi- 
cation Jettersi' AKC or numoer, 598; „botties of i6bf(NDC 
0PjB6^98^)4)/ahd 500 (NDC 0085^98^ and box 6f 100 for, 
unitHdose a^pensmg (10 strips of 10 table^oacW^ifNDC 0085^ 

(^9«w)8).:;:,;;; v ; ./ ;.'V, ;^'.»' , » V'XT-i"* 

ETRAFON-A Tablets (perphenazine 4 mg and . amitriptyline 
hydrochloride 10 mg); orange, sugar-coatec" /tablets branded 
m blue^Iack witH tte Sctermg.tradenw either ; pfod- 
uctidentificatibh letters, ANB, or number, 119; bottles of 100 
(1^^0085^0119^04) and box of 100 for uhit^lose expensing 
(i0\strips i Of 16 tablets each) (NDC 0085^0119^)8). 
E^Ci^^^R^Tablets (p^r&eniziiiB^ mg.aiid amitr^> 
tyline .- r tfy v ^^ sug^ooat^'^'t^lets 
branded in 'blue with" the Schering tiademark and 'either 
product identification letters, ANE, or number, 720; bottles 
of 100 (NDC 00854720104) and 500 (NDC 00854720-07) and 
box of 100 for unit-dose dispensing (10 strips of 10 tablets 
each) (NDC 0085472048). k : : : f ^ ' 



Store ETRAFON 210, 4-10, 2-25 and 4-25 tablets between 
T and 25 # C (36* and 77T). In addition, protect unit-dose 
packages from excessive moisture. 
Revised 6/87 

Copyright © 1969, 1985, 1986, 1987 Schering Corporation, 
USA. All rights Reserved. 

Shown in Product Identification Section, page 427 



EULEXIN® 

brand of flutamlde 
Capsules 



DESCRIPTION. 

EULEXIN Capsules contain flutamide, ah acetanilid, non- 
steroidal, orally active an tiandrogen having the chemical 
name, 2-methyl-ivH4-nitio-^trifluoromethyl)phehyl] 
propanamide. 

Each capsule contains 125 mg flutamide. The compound is a 
bufF to yellow powder with a molecular weight of 276.2. 
The inactive ingredients for EULEXIN Capsules include: 
corn starch, lactose, magnesium stearate, povidone, and so- 
dium lauryl sulfate. Gelatin capsule shells may contain 
methylparaben, propylparaben, butylparabeh.ahd the fol- 
lowing dye systems: FD&C Blue 1, FD&C Yellow 6 and either 
FD&C Red 3 or FD&C Red 40 plus D&C Yellow 10, with tita- 
nium dioxide and other inactive ingredients. 
CLINICAL PHARMACOLOGY ^ ..'^ '' 
General: In animal studies, flutamide demonstrates potent 
antiaiidrogenic effects. It exerts ^ ite,ajitianp>ogenic action, by 
inhibiting androgen • uptake and /or by inhibiting^ nuclear 
binding of androgen i in tai^t tissiies or both. Prc<3tatic'cann£ 
noma is kno^n to be ahdrogeri-sensitive and ' responds tb 
ti^tment 'tiiat counteracts' the effect of androgen and/or 
removes the source of androgen, e:g., castration. ' , / ' Tii 
Pharmacokinetics: Analysis of plasma, urine, and - feces 
following a single pi^ 200 ihg dose of tritium-labeled fluta- 
mide to human volunteers showed that the drug is ^ rapidly 
and completely. aJbsorbed; It is excreted mainly in' the urine 
withTohly ,4-2%. of the dose excreted in the feces oyeri/72 
hours. The'eomposition of plasma radioactivity showed that 
flutamide is rapidly and extensively mebibou^^/with fluta-: 
mide comprising only-2.5% of plasma rapUok^ivityipne hour 
after administration. , At least six metabolites , have .been 
identified in plasma. The major plasma metabolite is a bior' 
logically active ^alpha-hyo^roxymt^ ^ derivative 1 wbi^^acr 
counts for 23% of tha plasma ^^.tritium one hour after, drug 
administration. .^ '* l^'X'i.^i*.]?" I'l r ^'.'' ?t T; 
The major urinary ' metabolite is 2-ammo-c^nitro4i(tri- - 
fiup^ett^nenol; r r ^ ^vx.^ptz 

Followi^ a sm^e 2^ 

teers, low plasma' leyeJs^of varying amp)imte ? oV : Mtamide 
wererdetected. THe biol^ically active alpha-hydroxyla^e<i 
metabolite" "reaches maximum; plasma : levels !, iir aoout^twor 
hours, indicating that it is rapidly formed from flutamide?' 
The plasma half-life for this metabolite ^aJbou^6^h6urs |r 
FoUpwing multiple oral -dof^^ci'^^mg^^ 
&na^l&li^ ? ^^and' ife T ac^vefnwflb^^ 
approached steady-state plasma levels (based 1 on . pharmacot 
kinetic 1 simulatibhs) "'after ' the fourth' 1 flutamide' ; dbse? Tli¥ 
half-life df the aotiW 

a single flutamide dose is about 8 hours and at steady-state is ; 
9.6hdurs.'* - - : " ~' >i*cT*^m*Ml 

Flutamide,: in vivo, at steady-state plasma cohcehtrations of - 
24 to 78 ng/mL is 94% : fo 96% bound ^ 
active v metabolite of^ flutemide, in\ vivOy r'at ^ steadyrstate 
plasma concentrations of 1556 to 2284 ng/mL, is92%;to 94%> 
bound to plasma proteins. v . : - , ^ ^ iiir^f^^iricK ; r * 
In male rats: neither flutamide nor any of its • metabolites^is \ 
preferentially accumulated m any tissue ex<^pt the prostate 
after an oral 5 mg/kg dose of 14 C-flutamide. Total drti leTOls 
were highjest 6 hours after£rag administratioii.in-a^tt^ 
Levels, declmed at : roughly^ similar rates to lpWi:levels/at^l8 
hours.- The. major metabolite was present ;at higher/ conceri-" 
trations than flutamide ih^aU'iti^^. stumor » ; > --\s ',i ^>'-a ■ 
Elevations of plasma testosterone and estra^oLleyetejhave : 
been noted foUowing flutamide ^ administration: tf>; t^v .X^ 
Clinical Studies:.cFlutaMifle:.ha^ 

terferewith testosterphe^at ^e: cellular leyeir^Tlus comh: 
plement medical castration achieved with leuproUde,swhIch 
suppresses: testicular', androgen .. production 1 by , inhibiting 



luteinizing hbrbme secretion. - 



, - t ., , . 

To ^tudy. the effects of combination therapy, 617 patients 
(311 leuprolide^flutaniide,'306 leuproU^e:+ plaoeppj^wi^ 
previously- untreated "advanced^ -prostatic;; carcdn6ma;twere : 
enrolled m a ? large: multi-centered 

Three and one-half years! after the' study: was mitiateo^1m% 
dian survival had been; reached: ^Tiie median;. actuarial sur- 
vival time was 34:9 months for patients treated with leupnn 
z-i' 1 -u T.^aefc as* 
- Continued on next page: * 
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lide and flutamide versus 27.9 months for patients treated 
^Ht^leujproUde alone] This seven month increment repre- > 
sents 25% improvement in overall, survival with the fluta- 
m^d(el£erapyi Analysis of progression free survival showed a 
month improvement in patients who received leuprplide 
plus -flutamide, a 19% increment over leuprplide and 



INDICATIONS AND USAGE 

EULEXIN Capsules are indicated for use in combination 
with LHRH agonistic analogues (such as leuprolide acetate) 
' for. the ; treatment of metastatic prostatic carcinoma (stage 
X^l^fo (achieve the benefit of the adjunctive therapy with 
EULEXIN,' treatment must be started simultaneously . using 
both dru^s. \ 1 

EUl^^ in patients who are 

hy^rsensitive to flutamide or any. component of this prepa- 
ration; • - ; ..*v t . 

'wak^gs' ^;;^ . : l \ 

Gynecomastia , ,occurr^,ih 9% of patients, receiving fluta- 
mide together with ; medical castration. . 
Flutamide may cause fetal harm when . administered ,to a 
' pregnant woman. There was decreased 24-hour survival in 
trie offspring of rats treated with' flutamide at doses of 30, 
tlXlb^^n^ 

nuB^'dose) duri^ r^egnancy. A slight increase in minor 
wiatiohs'in' the development of the sternebrae' aiid verte- 
brae was seen in fetuses of rats at the two higher doses. Femi- 
nlza&onof the males also occurrjrf 

lewis. There, was a decreased survival rate in the offspring of 
jra^blto/ref^vmg .the : Highest dose (15 mg/kg/day; equal to 
'lv|$inM\t^ itiuinjm^ose).- . i „.•;.._ •"«'».» -.1 

' Hepatic 'Injury: Since .transaminase^ abnormalities, chole- 
static -jaundice, hepatic necrosis, rand hepatic encephalopa- 
thy have ; been' reported with the use of flutamide, periodic 
nonfunction -teste should considered (See ADVERSE 
REACTIONS ■! section!) ' Appropriate laboratory testing 
shoiUd be done at the first symptom/sign of liver dysfunction 
(e^ffl, pruntu^ dark. urine, persistent anorexia, jaundice, 
.right 'ujppa; 

symptoms). If the patient has jaundice or laboratory evi- 
dence of liver injury, in the absence of biopsy-confirmed liver 
metastases, EULEXIN therapy should be i discontinued of 
the dosage reduced. The hepatic injury is usually reversible 
alter discontinuation of therapy and in some patients, after 
dosage reduction. However, there have been reports of death 
following severe hepatic injury associated .with use of fluta- 
mide. , . . . - 

precautions; y -;,*--'. V- ■ 

Information f or, Pa itients: Patients should be informed that 
EUI^X^^CapkQes" and . the drug used for. medical castra- 
tion should fe, administered concomitantly/ and that they 
should not interrupt their - dosing or stop taking these medi- 
cations without consulting their physician. 
Laboratory Tests: See WARNINGS, Hepatic Injury above. 
Drug Interactions: Interactions between EULEXIN Cap- 
sules and -leuprolide have not occurred. Increases in pro- 
thrombin time have been noted in patients 1 receiving long- 
term warfarin therapy after flutamide was initiated. There- 
fore close monitoring of prothrombin, time is recommended 
and adjustment of the anticoagulant dose may be necessary 
when EULEXIN Capsules are administered concomitantly 
with warfarin. 

Carcinogenesis, Mutagenesis/ Impairment of Fertility: No 
carcinogenicity studies were • performed s with flutamide. 
However, daily administration of flutamide to rats for 52 
weeks at doses of 30, 90, or 180 mg/kg/day (approximately 3, 
8, or 17 times the human dose) produced testicular intersti- 
tial cell adenomas at all doses. 

Flutamide did not demonstrate DNA modifying activity in 
the Ames Salmonella/microsome Mutagenesis Assay. Domi- 
nant lethal tests in rats were negative. 
Reduced sperm counts were observed during a six-week 
study of flutamide monotherapy in normal human volur 
neers. 

Flutamide did not affect estrous cycles or interfere with the 
mating behavior of male and female rats when the drug was 
administered at 25 and 75 mg/kg/day prior to mating. Males 
treated, with 150 mg/kg/day (30 times the minimum effec- 
tive antiandrogenic dose) < failed to mate; mating behavior 
returned to normal after dosing was stopped. Conception 
rates were decreased in all dosing groups. Suppression of 
spermatogenesis was observed in rats dosed for 52 weeks at 
approximately. 3, 8, or 17 times the human dose and in dogs 
dosed for 78 weeks at 1.4, 2.3, and 3.7 times the human dose. 
Pregnancy: Pregnancy Category . D. See WARNINGS 
section. 



ADVERSE REACTIONS 

The. foUowing adverse experiences were reported during a 
multicenter clinical trial comparing flutamide + LHRH 
agonist Versus place -f • Llpttl^qhist ' |?I ; 

The most frequentiy reported (greater tnan . 5%), adverse 
experiences during' treatment with EULEXIN Capsules in 
combination with , a LHRH agonist are listed in the table 
below. For .comparison, adverse experiences" seen , with ..a 
LHRH agonist arid placebo are also listed in the following 
tabie. ." ', ,". • .•«'... i •. - 

(n=294) \ (n=285) 

• ■ Flutamide + fc . Placebo * : 
LHRH-agonist LHRH-agonist 
%AU: %All i. 

Hot Flashes *61 67 

Loss of Libido 36 : 31 • 

Impotence ^33 4 !: 29 • 

Diarrhea '■ 12 • 4v % 

Nausea/Vomiting. 11 '10 15 

Gynecomastia- 9' 11 

Other V. 7 ' . ' : ;'9\ ' ■ 

Other GI ; r r ■ ' r> - 6 ^ 4 
As shown in the table, for both treatment groups, Ae mpst 
frequently occurring, adverse experiences (hot flashes, impo- 
tence, loss of libido) were those known to be associated with 
low serum androgen levels and known to occur with LHRH- 
agonists alone. , . , ^ \- ..... •„ . . ; . / 

The only notable difference was the higher incidence of diar- 
rhea in the flutamide + LHra^agonist group (12%X which 
was severe in five percent as opposed to the placebo + 
LHRH-agonist (4% X which was severe in less than one per- 
cent': : • ■■/ .> ' "■-.> 1 ' ; '. : -*' : ; '. ■' '■- 
In addition, the foUowing adverse reactions were reported 
during treatment with flutamide + LHRH-a^nist No cau- 
sal relatedness of these reactions to drug treatment has been 
made, and some of th^ adverse; ex^riences reriorted are 
those that commonly occur 'm eldeirly 'patients. ^ 
Cardiovascular System, hypertension m 1% of patients., 
Central Nervous System: CNS (drowsmess/confusion/de- 
pression/anxiety/nervousness) reactions occurred in. 1% of 
patients.": ; ,' \ . ... ,u,. 
Gastrointestinal System: | other GI disorders occurred in 6% 
of patients: . >■ ... , . - 
Hematopoietic System: . anemia occurred in 6%, leukopenia 
in 3%, and thrornbocytopenia in 1% of patients, i 
Liver, and Biliary System: hepatitis and jaundice in less 
than 1% of patients. ' 
Skin: irritation at the injection site and rash occurred in 
3% of patients/ "* ■ • \ ' ' • 
Other: edema occurred in 4%, genitourinary and neuro- 
muscular symptoms in 2%, and pulmonary symptoms in less 
than 1% of patients. • , 
In addition, the following spontaneous adverse experiences 
have been reported during the marketing of flutamide: he- 
molytic anemia, macrocytic anemia, methemoglobmemia, 
photosensitivity reactions (including erythema, ulceration, 
bullous eruptions, and epidermal necrolysis) and urine dis- 
coloration. The urine was noted to change to an amber or 
yellow-green appearance which can be attributed to the 
flutamide and/or its metabolites. Also reported were chole- 
static jaundice, hepatic encephalopathy, and hepatic necro- 
sis. The hepatic conditions were usually reversible after dis- 
continuing therapy, however, there have been reports of 
death following severe hepatic injury associated with use of 
flutamide. 

Abnormal Laboratory Test Values: Laboratory abnormali- 
ties mcluding elevated SGOT, SGPT, bilirubin values. SGGT, 
BUN and serum creatinine have been reported: * 

OVERDOSAGE 

In animal studies with flutamide alone, signs of overdose 
included hypoactivity, piloerection, slow respiration, ataxia, 
and/or lacrimation, anorexia, tranquilization, emesis, and 
methemoglobinemia. 

Clinical trials have been conducted with flutamide in doses 
up to 1500 mg per day for periods up to 36 weeks with no seri- 
ous adverse effects reported. Those adverse reactions re- 
ported included gynecomastia, breast tenderness and some 
increases in SGOT. The single dose of flutamide ordinarily 
associated with symptoms of overdose or considered to be 
life-threatening has not been established. 
Since flutamide is highly protein, bound, dialysis may not be 
of any use as treatment for overdose. As in the management 
of overdosage with any drug, it should be borne in mind that 
multiple agents may have been taken. If vomiting does not 
occur spontaneously, it should be induced if the patient is 
alert. General supportive care, mcluding frequent monitor- 
ing of the vital signs and close observation of the patient, is 
indicated. 

DOSAGE AND ADMINISTRATION 

The recommended dosage is two capsules three times a day 
at eight hour intervals for a total daily dosage of 750 mg- 



HOW SUPPLIED 

EULEXIN Capsules, 125 mg; are available as opIquS 
toned brown capsules, imprinted with "Scheriiig 5^f 
are supplied as' follows: ' '"" ' 
NDC 0085^25^-Bottles of 100 
NDC 0085-052&O5— Bottles of 500 
NDC 0085M)52oM)3^Unit Dose packages of 100 (10$ 
Store between T. and 30TC and 86"^ .,a;^ n 
Protect the unit dose packages from excessive moisfun 
Rev. 4/91 . . c* t^am 

Copyright © 1989, 1991, Schering Corporationi^/^^^W 
reserved. • •^2jhj""'~" 

Shown in Product Identification Section, page^27m 

FULVICIN® P/O 

[ful'vteih] - " • v-...'.. 
brand of uttramicroslze griseofutvin. 
Tablets. USP 

- >' ' L o Ml 

DESCKOTON 

FULVICIN P/G Tablets contain . {dtr^imdt^^^^^ m , 
griseoftilvin, an antibiotic derived from a species oftfSucffl 
KumV Griseofulvin CTystals are partly dissolved m'porye 1 ^ 
ene glycol 6000 and partly dispersed throughout 1 tneg 
matrix. 

Each FULVICIN P/G Tablet contains 125 nig or 260m|g 
eofulvin . ultramicrosize. V - ■ i& R ^BUL 

The inactive ingredients for FULVICIN P/Q.TabletffiSSSL 
250 mg, include: corn starch, \ lactose, niagnesjumi staSltSl 
PEG; and sodium lauryl sulfate. . - ' ■'*™ rw - 

actions' '■ ■■■ >v 

Microbiology Griseofulvin is fungistatic with! in ?i 
tivity against various species of ' Microsporwn, 1 _ 
ton, and Trichophyton. It has no effect on bacteria -oBS 
genera of fungi , - . r r v _ v : f ; . .. . /rii , uf^MI 
Human Pharmacology: FoUowing oral ad^ninistrationlj 
eofulvin is deposited in the keratin precursor cells'jffljF 
greater afBnity for diseased tissue. Tne drug is tightlyJb 
to the new keratin which becomes highly 'reastantt^ 



The efficiency of gastrointestinal absorption of ulti 
crystalline griseofulvin is approximately 6ne> andY ongES 
times that of the conventional microsized griseoftlviM'** 
factor permits the oral intake of two-thirds as mucbTulg 
er o cryst alline griseofulvin as the microsize forrn .^How 
there is currently no evidence that this lower^dcse^g mf5 | 
any significant clinical differences with regawl^f 
and/or efficacy. 

INDICATIONS 4 

FULVICIN P/G Tablets are uidicated for the treafiaSQ 
ringworm infections' of the skin, hair, ' and nipls, J 



brum, Trichophyton tonsurans, Trichophyton 
Trichophyton interdigitaie, Trichophyton yerfwK^k 
chpphyton meghinii, Trichophyton gallinae, Tpaxom 
crateAforme, Trichophyton sulphureum, I^icfto^^^ 
enleinii, Microsporum audouini, Microsporum can^v^ 
sporum gypseum, and Epidermophyton /^°<^^^Swicti 
Note: Prior to therapy, the type of fungi responsiW|gg| 
infection should be identified.., - v W^KS^ 

The use of this drug is not justified in minor or tri^^S 
tions which will respond to topical agents alone. 
Griseofulvin is not effective in the foUowing: bactenajD 
tions, candidiasis (moniliasis), histoplasmosis^ . ,$&jS&^. 
sis, sporotrichosis, chromoblastomycosis, cpccjdiowgflgJ^a 
North American blastomycosis, cryptococcosisil^g , 
tinea versicolor, and nocardiosis. . 
CONTRAINDICATIONS ^ 
This drug is contraindicated in patients with porjDhgffilS 
atoceUular failure, and in individuals with a haswm^S 
persensitivity to griseofulvin. _^Jj 
Rare cases of conjoined twins have been reporte^rag 
taking griseofulvin during the first trimester of ^pre 1 
Griseofulvin should not be prescribed to pregnant pp 
to women contemplating pregnancy. 
WARNINGS 

Prophylactic Usage: Safety and efficacy of ^ crjli . 
prophylaxis of fungal infections have not ^ n ^j5§jgi|j 
Animal Toxicology: Chronic feeding of ffriseofflfflg^s 
els ranging from 0.5-2.5% of the diet, resulted u^ffig 
opment of Uver tumors in several strains of ^*gj§gD 
larly in males. Smaller particle sizes result m ^SjsS, 
effect. Lower oral dosage levels have not been ^^SfZgj&ii 
taneous administration of relatively small ^ oS ^^|»tf 
vin once a week during the first three weeks ol ^sM 
been reported to induce hepatomata in mice -'ig^5 
mors, mostly adenomas but some carcinomflB^^ggjj 
reported in male rats receiving griseofulvin at le ^^^fA 
1.0%, and 0.2% of the diet, and in female rats ^^g 
two higher dose levels. Although studies in . r 
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Norethynodrel.and Mestranol Tablets 

Enovid iSearle); Enovid E (Searle) .. 



m 



^ L TJses^Bedame;fani6us the world over as an oral contraceptive and 
fils'been dubbed"The Pill." See page 932. For the^effects of the 
separate components, see No'reihynodrel (page 935) and Mestranol 
(page 931). The contraceptive action, is not entirely the result of 
Sevention of ovulation; the endometrium is rendered inhospitable 
ffijtfe fertilized ovumVso that nidation cannot take place. Inadditiori 
lib oral contraceptive use, preparations' containing 5 mg or more of 

igrethynodrel may be used in the freatnierit of dysmenorrhea and j4 0rge sirel — page 935 

jfienorrha'gia-aiid to' produce cyclic withdrawal bWeding;;-,;'.^ ; / ^ ■" 
The side effects are those of the separate components as well as of 



through the 24th day after, menstruation began;. for endometriosis, 
one p- or lu-mg. tablet daily for 2. weeks,. beginning on the 5th day after 
menstruation begins. Increasing in dosage.every 2 weeks until 20 mg 
a day is being given, to be, continued for 6 to 9 months; to.de/ay 
menstruation, one to two l6-mg tablets daily, beginning at feast 1 
week in advance' of the expected menstruation; to advance men- 
struation, one 5- or 10-mg tablet for 10 days, beginning on the 6th day 
after the start of menstruation. 

Dosage Forms — Tablets: NorethynodreVMestranol, 2.5/100, 
5/75, and 9.85/150 mg/^g. 



tombmation contraceptives (page 937). ; The most frequent effects 
are bleeding irregularities, nausea, and vomiting in a^out: % pf all 
users, breast fullness, chloasma, headache, weakness, dizziness, and 
diarrhea. The effects diminish with continual use. : Sorn^Sanes ^uid 
retention and acne occur: Cholestatic jaundice opcurs rarelyr tt is 
uncertain whether the mixture increases the incidence of thrombo- 
phlebitis. "• X I 

poser— For contraception, norethynodrel (2.5 or 5 mg) plus mes- 
tranol (100 or 75 Mg. respectively) daily for 20 or 21 days, starting on 
the. 5th day after menstruation begins. For cyclic therapy in dys- 
menorrhea, functional uterine bleeding (once it is controlled), pre- 
menstrual tension, amenorrhea (once a menses has been accom- 
plished), or idiopathic infertility, one 5- or 10-mg tablet daily for 20 
days of each cycle, beginning on the 5th day after menstruation begins; 
for emergency control oldysfunctionaVuterine bleeding, one 10-mg 
tablet 2 or 3 times a day until bleeding is arrested, then once daily 



Norgestrel and Ethinyl Estradiol Tablets 

-Ovral(VVyeifc) 

Uses For combination oral contraception (see page 937). For 

the actions of the separate components see Norgestrel (page 935) arid 
Ethinyl Estradiol (page 929). The adverse effects are those of the 
estrogens (page 926), progestins (page 933), and combinations (page 

937) * 

Dose — 50.0 pg of nbrgestrel plus 50 jig of ethinyl estradiol or 300 

jig of norgestrel plus 30 m£ of ethinyl estradiol a day for 21 days, 

starting on the 5th day of the menstrual cycle. .' 

Dosage Forms-^Tablets: Norgestrel/Mestranol, .500/50 and 

300/30 M/Mg. 

Progesterone^page 936. 



The Testicular Hormone 



The testis has a dual function, to produce the germ cell (the* 
sperm) and to supply the male hormone (testosterone)^ Two 
clearly defined groups of cells are found in the testes; the one 
group in the tubules produces the sperm, while the /other, 
clustered in between the tubules, consists of interstitial cells. 
The first or spermatogenic tissue is thought by some investi- 
gators to produce an mternal secretion, but if this is true, the 
hormone involved has not yet been identified, nor is : there 
agreement about its existencei . °. . 

The interstitial cells are the seat of productibn of a steroid 
hormone, testosterone, which stimulates and maintains the 
secondary sex organs; these are the penis, prostate: gland, 
seminal vesicles, vas deferens, and scrotum. It also exerts 
sustairiirig effects on the spermatogenic cells, and it stimulates 
the development 6f bbne, muscle, skin, and hair growth, and 
emotional responses to produce the characteristic adult 
masculine traits. This group of combined actions pf Jfcis 
hormone is termed androgenic actions. Testosterone also 
antagonizes a number of the effects of estrogens, and \s 
sometimes employed ^clinically for this purpose. This is 
especially important in the suppression of metastatic carci- 
noma of the breast. Since it promotes development of the 
clitoris, which is an anatomic homologue of the penis/andro- 
gens may increase the libido of women: 

The naturally occurring androgens (androsterone, testos- 
terone) are derivatives of androstane. Testosterone and its 
esters (testosterone propionate) and derivatives (methyltes- 
tosterone) are the most commonly used androgenic steroids. 
In addition to their androgenic properties, however, these 
compounds exert widespread anabolic effects; in attempts to 
dissociate the virilizing and anabolic properties (for use m 
women) a number of compounds with high anabolic ^andro- 
genic ratios have been prepared. However, it has not yet been 
possible to abolish completely the androgenic effects. 

Uses — For substitutional therapy in men who have cli- 
macteric symptoms, or in mien or youths with hypogonadism 
(eunuchism, Klinefelter's syndrome). They have been em- 
ployed to facilitate development of adult masculine charac- 
teristics when the adolescent process has been delayed. In 



cryptorchidism they may be used adjunctively with gonado- 
tropins: They are also very useful in therapy of patients with 
hypopituitarism and with Addison's 'disease. They are of 
value in the treatment of frigidity and occasionally in impo- 
tence. Use of androgens for relief of impotence not associated 
with evidence of testicular underactivity (psychic causes) is 
known to be futile in most cases. Low doses of androgens 
have been used in pituitary dwarfism to accelerate growthybut 
care must be exercised not to arrest growth by epiphyseal 
closure. . . . 

With estrogens, androgen therapy may be efficacious in the 
treatment of the menopause. The anabolic effects are pos- 
sibly of some benefit in the postclimacteric person, and they 
may retard osteoporosis, although many authorities dp not 
believe that any lasting benefit is achieved. In functional 
dysmenorrhea androgens may give relief through an anties- 
trogenic action, although they also are often combined with 
estrogens to treat this disorder. They may be used to treat 
endometriosis. They may also be used in the treatment of 
postpartum breast engorgement and for suppression of lac- 
Testosterone and related compounds find widespread ap- 
plication in the palliative treatment of cancer of the breast 
in women. Its use in men with prostatic cancer, however, is 
contraindicated. ' . 

Side Effects— Androgens cause hirsutism, deepenmg or 
hoarseness of the voice, precocious puberty and epiphyseal 
closure in immature males, increased libido (in both male and 
female!), priapism, oligospermia, enlargement of the clitoris 
in the female, flushing, decreased ejaculatory volume, gyne- 
comastia, h^rse^ gain, edema, and 
hypercalcemia^ Biliary stasis and jaundice occur, . There have 
been a few cases reported of hepatoma following long-term 
therapy. The ITce-methylated androgens are more prone to 
disturb liver function than are the nbnsubstituted drugs. 
Hypercalcemia requires discontinuation of therapy, and 
edema requires diuretic therapy. Except in the treatment of 
breast cancer, a reduction in dosage is indicated upon virili- 
zation, in women. 
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Adm tnistr a tioh of androgens to patients ori anticoagulant 
therapy may increase the effect of anticoagulants and thus 
may require an adjustment of the dose of the latter; Likewise, 
dosage of insulin or of oral hypoglycemic agents may require 
adjustment when anabolic androgens are administered to 
diabetic patients. 



Danazol 



Pregna-2,4-dien-20-yho[2,3-d]isoxazol-17-ol, (17a)*: 
Danocrine (Winthrop) 



C=CH 




17a-Pregna-2,4-dien-20-yno[2,3-d]isoxazol-17-oI [17230-88-5] 
C 22 H27N0 2 (337.47). 

Preparation — Danazol is a derivative of ethisterone (17o>- 
ethynyltestosterone) in which an isoxazole ring is fused to the 2,3- 
position of the steroid nucleus. Methods for preparing such steroidal 
heterocycles have been described by Manson etal:, J Med Chem 6: 
1, 1963, also in US Pat 3,135,743:/ . • 

Description — Pale yellow, crystalline powder; melts at about 225°. 
Solubility — Practically insoluble in water; sparingly, soluble in al T 
cohol. 

Uses — Danazol is a synthetic androgen with weak androgenic ac- 
tivity and no progestational or estrogenic effects. It is proppsed-for. 
use only in the treatment of endometriosis, in patients! who do not 
respond to or cannot tolerate^ other drug therapy.. It has been re- 
ported to prevent attacks of hereditary, angi oedema- Androgenic 3ide 
effects include acne, edema, ^ niQd hirsutism, decrease size, 
oiliness of the skin and hair, weight gain, and cUtpral hypertrophy. 
Hyppestrogenic manifestations include vasomotor instability, vagi- 
nitis with itching, burning and vaginal bleeding, and ; emotibnal labi- 
lity Structurally similar C 17 alkylated androgens have been re- 
ported to cause hepatic injury, including carcinoma. Danazol has 
been reported to lower serum leyothyroxine levels- 

Dose^OaZ, 800 mg, divided into two doses, per day. 

Dosage Pprm— Capsules: '200 mg. 

Dromostano lone Propionate .. . 

'. Androstan-3 r one, 2-methyl-i7-(l-ox6propoxy)-, (2a,5a,170)-; 
Drplban (Lilly) 



:H 3 c 




use has been restricted to the treatment Of metastatic^ carcinoma of 
the breast. With respect to efficacy in the regression of the carcino- 
ma, it is about equivalent to testosterone propionate, but its lesser 
virilizing activity makes dromostanblpne advantageous. The drug 
may improve anemia and the patient's sense of well-being, but these 
effects are unrelated to regression of the disease. 

The untoward effects ,of dromostanolone are mainly those, which 
result from virilization and.mclude t< faciai hair growth, deepening of 
the voice, acne, and enlargement of the clitoris, which occasionally 
may give rise to ah increase in .libido., The virilizing effects develop 
slowly and hiay not reach their peak for several months. Fluid re- 
tention wift. edema may occur. Effects on serum calcium are not 
.untpwaj.d £ut rather reflect the .success of the drug on osteolytic me- 
tastases; if regression occurs, serum calcium falls. Jaundice has hot 
been reported, but the potential exists, foronaostandlone should be 
used with caution in the presence of iiyer.disease, heart failure, kidney 
disease,, and pregnancy - 

. T>oser-^intramu$cuiar 1 00 mg 3 times a week for 8 tp.12 weeks or 
for the duration of a remission caused by the drug. 
Dosage Forms— injection:' 50mg/ml, 500 mg/10ml. 

Fluoxymesterone 

Androst-4-en-3-one, 9-fluoro-ll,17Tdihydroxy- 17 -methyl-, (11)3,17/3)-; 
Halotestin (Upjohn); Ora-Testryl (5qut66.) 



c~CH 3 




17)&-Hydr6xy-2a-methyl-5a-andrbstari-3-bne propionate [521- 
12-0] C23H36O3 (360.54). 

Preparation — Testosterone is reacted with ethyl formate and 
alkali metal hydride to form 2-(hydroxjnnaethyUh^ (I) 
(J Am Chem. Sqc 76: 552, 1954). Refluxing a Jbenzehe suspension 
of I, methyl iodide, and sodium hydride under nitrogen produces 2- 
formyl-2-methyltestosterone which is then decarbonylated by passage 
through a column of alkalinized alumina to yield 2a hietKyitestost 
erone (II) Estenfi cation of II with propionic anhydride in pyridine 
solution forrds II propionate which yields dromdiStahblone propionate 
on hydroge^natibri in the presence of palladium oh barium sulfate or 
various other catalysts. US Pat. 3,118,915. : 

Description—White to creamy white, crystalline powder; odorless. or 
has a faint. odor; melts, with a range of 4°, between 127° and 133°. 

Solubility — 1 g in 30 ml alcohol, 2 ml chloroform, 20 ml ether; practi- 
cally insoluble in water, . , . 

Uses — An androgen similar in its actions to Testosterone Propi- 
onate (page 943), but it appears to be somewhat less virilizing. Its 



9-Fluoro-llj8,17jS-dihydroxy-17-methylandrost^4-en-3-one [76- 
43-7] C20H29FO3 (336.45). 

Preparation— From 17^methyltestosterone first by introduction 
of a hydroxyl group at position 11 through oxidation with a micro- 
organism (such. as Pestalotia or Aspergillus), followed by dehydra-: 
tion, epoxidation and treatment with HF, as for Betamethasone (page 
902). 

Description— White or practically white, odorless, crystalline powder; 
melts at about 240 ? r witn some decomposttipn. ' 

Solubility—Practically insoluble in water, sparingly soluble in alcohol; 
slightly : soluble in chloroform. 

Uses^The same actions, uses, arid limitations as androgens (page 
939): ■ 'It is approximately five times more potent than testosterone^ 
and is orally effective. In addition to the side effects of testosterone s 
fluoxymeisterone.may cause occasional cholestatic jaundice, gyneco- 
mastia, oligospermia after/prolonged use, and hypersensitivity. 
Fluoxymesterone is sometimes combined with an estrogen for treat- 
ment of postmenopausal, osteoporosis. . 

Dose — Oral, replacement therapy/ 1 to J> mg twice*a day; for an-, 
abdlic effect and treatment of osteoporosis, 2 to 5 mg twice a day; for 
meta'static breast cancer in womeh, : 5 to 10 mg 3 times a day; in hy- 
poplastic or aplastic anemia, 10 to 40 mg a day; for postpartum 
breast engorgement £ 2 .5 to 5 mg twice a day for 4 or 5 days post- 
partum. 

Dosage Forms—Tablets: 2.5 and 10 mg. 

Methandrostenolone 

Androsta-i,4-aiene-3<>ne, : n^ (i70) : ; 
; "*' Methandienone; Dianabol (Ciba) 



OH 




17/3-Hydroxy-i:7-methylandrosta-l,4-dien-3-one . [72-63-9] 
020112802(360:44): , . . \i : 

Preparation — Methyltestbsterone is dehydrogenated, either u% 
microbial methods or by reaction with selenium dioxide, to create th' e 
A 1 double bond. US Pat. 2,900,398. 
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Desfcription-^White to. off-white crystals or crystalline powder; 
odorless; melts at about 166°. : . 

Solubility— Insoluble in water; soluble in alcohol, chloroform, glacial 
acetic acid; slightly soluble in ether. . ... 

Uses-^Ari androgenic steroid with relatively strong anabolic and 
weak androgenic activity Consequently* it is employed mainly to 
promote nitrogen anabotism and weight gain in cachexia and debil- 
itating diseases and after serious infections, bums, trauma, or surgery. 
II may relieve pain in certain types of osteoporosis, and it favors the 
retention of calcium, which assists, in arresting the disease. It also 
helps to reheve pain and to.prompte a sense of well-being f in the ar- 
thritides. Side effects include virilization and acne,, especially in 
women and children, sodium retention arid edema, and cholestatic 
jaundice. Methandrostenblone potentiates prothrombopenie anti- 
coagulants and hence may favor hemorrhagic: diatheses in persons 
taking such drugs 

Dose— Oral, initially, 5 mg daily andi for maintenance- 2.5 to 5 
mg daily, except up to 50 /*g/kg a day in older children and adults 
with pituitary^warfismi- Continuous therapy should^consist in re- 
peated courses of no longer than € weeks,. separated by intervals of 
2 to. 4 weeks..., 

Dosage Formsr—Scor ed Tablets:. 2.5 and 5 mg. ; 



Methyltestosterone 

Arid"rost-4-en-3-one, i7-hydroxy-17-methyl-, (17/5)-; 
Metandren (Cifea); Oreton Methyl (Schering) " 




cm 




H G OOCCH^CH^CHzCHa 
rH 



17i8-Hydroxy-17-methyiandrost-4 : en-3-one [58-18-4] C20H30O2 
(302.46). 

Preparation — Readily from dehydroepiandrosterone (prepared 
from cholesterol) by subjecting it to a Grignard reaction with CHkMgl 
followed by an Oppenauer oxidation. The first reaction creates the 
tertiary carbinol structure at C17, while the second oxidizes the sec- 
ondary carbinol group at position 3 to carbonyl and causes a rear- 
rangement of the double bond from the 5,6- to the 4,5- position. 

Description— White or creamy white crystals or a cVystalline powder;, 
odorless, stable in air, but slightly hygroscopic; affected by light; melts 
between 162° and 167*. r v . ' % '\ . \ 

Solubility— Practically insoluble in water; soluble in alcohol, methanol, 
ether, and other organic solvents; sparingly soluble in vegetable oils. 

Uses-^The actions, uses, and limitations are the same as those'of 
androgens in general (page 939). Methyltestosterone is effective 
orally. It is also combined with various estrogens for treatment of 
menorrhagjia,' menopausal symptoms', dysmenorrhea, osteoporosis, 
malnutrition, and to suppress postpartum lactation. In addition to 
the side effects caused, by testosterone, methyltestosterone : may cause 
oligospermia, hypersensitivity with dermatologic manifestations, and 
a rare, type of cholestatic jaundice. It is often stated that virilization 
in women does not occur unless the dose exceeds 300 mg/month, but 
virilization canoceur with doses considerably. less than this. 
.. By the buccal route, potency is .twice that by the oral route. . 

Dost; — Oral, for replacement therapy, 5 to 20 mg twice a day; for 
anabolic effects, 10 to 20 mg a day; to 1 prevent postpartum.breast 
engorgement and pain, 40 mg twice a day for 3 to 5 days; foxAnoper- 
able breast cancer in women, lOO.mg twice a day for the duration of 
improvement or for no longer thafi 3 months if there is no remission. 
Buccal, one-half the oral dose. 

Dosage Forms-^Capsules: 10 mg; Capsules (timed -release): 6 
and 10 rag; Tablets:. 10 and 25 mg; Tablets (buccal): .5 and 10 mg. 



17/8-Hydroxyestr~4-en-3-one decanoate {Z60-7Q-.2] C28H44O3 
(428.65). 

Preparation:— A dry benzene solution of 17jS-hydroxyTestr-4- 
en-3-one (19-nortestosterone) and pyridine is mixed with a dry ben- 
zene solution of decanoyl chloride and the esterification is allowed 
to proceed overnight in an atmosphere of nitrogen. After washing 
successively with acid, alkali* and water,- the solvent is evaporated and 
the crude ester is recrystallized from petroleum ether or some other 
suitable solvent US Pat. 2,998,423. ... 

Description— Fine, white to creamy Wmte, : crystalline powder, odorless 
of may have a slight odor; melts between 33° and 37°. 

Solubility-Soluble in chloroform, alcohol, acetone, and vegetable oils; 
practically insoluble in water. * .<&.".". 

Uses The actions and uses are the same as those of Nandrolone 

PhenpropConate. Oil solutions of the decanoate have a duration of 
action 3 to 4 times longer than that of the phenpropionate. 

Dose— Intramuscular, adult, anabolic, 50 to 109 mg every 3 to 4 
weeks; children 2 to 13 years of age, 12.5 to 25 mg every 2 to 4 weeks. 
In metastatic breast carcinoma and refractory anemias the dose may 
be 100 to 200 mg a weex* depending on the response. , j 

Dosage Forms— Injection? 50 mg/ml, 100 mg/ml 



Nandrolone Phertpropionate 

Estr^-eh-3-c-ne, 17-(l-oxd-3-phenylpropoxy) (170)-; ■ 
• •• Duiabolin iQrganon) 

17)3 Hydrpxyestr-4-eh 3 one hydrocinnamate {$2 90 8] C27H34O3 
(406.57). ' : 

For the structure of the steroid moiety, see Nandrolone Deca- 
noate. '" .; '• .. . .-. ...... 

Preparation— 19-NortestosteTone , is esterified with hydrodnnam- 
oyl chloride "by the method described for Nandrolone Decanoate 

' Description— Ffiie, white to CTeainy white, crystalline powder having 
a slight characteristic odor; melts between 95* arid 99?. : ■ - / 

.SolubiHty^PracticaUyirisoluble in water; soluble in alcohol fl,g m 2 
ml), chloroform, d^oxane, and; vegetable-oils. 

Uses— A synthetic androgen with actions intermediate to those 
of Testosterone anjl Norethandrolone Although nandrolone 
phenpropionate is less a^'^c^eriic.than ^teatoste'rone jn doses'; - which 
exert anabolic actions, virilization may occur after high doses or during 
chronic administration. Indeed.the androgenic virilizing actions are 
sought in th6 treatment with this agent of inoperable breast cancer 
in women. Nandrolone phenpropionate is mainly used in the treat- 
ment of chronic wasting diseases and conditions in which negative 
nitrogen balance exists. Low doses may accelerate growth of chil- 
dren with retarded growth withbui excessively accelerating bone age; 
higher doses accelerate bone maturation more, than body growth. The 
phenylpropionate ester moiety confers a long duration of action to 
suspensions in dilmjected mtramuscularly. The potential side effects 
are those of testosterone. Nandrolone phenpropionate does not 
appear to cause cholestatic jaundice, probably because it lacks an alkyl 
group on carbon 17i 

Dose-^JVitramuscuIar, adults, anabolic, 25 to 50 mg each week; 
inoperable breast cancer and refractory anemias-, 50 to 100 mg a 
week; postpartum breast engorgement, 25 to 50 mg a day for 3 or 4 
days. For children 2 to 13 years of age, 12.5 to 25 mg every 2 to 4 
weeks; for infants, 1 mg/kg of body weight every 2 to 4 weeks. 
Dosage Forms — Injection: 25 mg/ml, 100 mg/ml. 



Nandrolone Decanoate 

Estr-4-en-3-one, 17-[(l-oxodecyl)oxy]- t (170)-; 
Deca-Durabolin (Organon) 



Oxandrolone 

2-Oxaaridrostan-3-one", 17 ^hydroxy- 17^methyl- f ; (5a,l70)- 
Anavar (Searte) 
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. 17pwHydrbxy-17-ibetfcyl-2-oxa-5ot^ ahdrpstan-3-one' [53-39-4] 

C19H30O3 (306.44). ..... . : . " 

Preparation^Methyldihydrotesteroiie -ra converted into the 
corresponding i;2-dehydro compound by bromination followed by 
dehydrobrbminafton; Ring A is then ruptured through conization 
an&subseqiient hydrolysis to yield the aldehyde ^acid (I): -Reduction 
bf tHeformyl group irfl yield^ the expected hydroxy acidimpbed m 
the partial structure" (II) which is lactonized to oxandrolone. ^ 

OK 






* PescriptionT-Wbite, odorless, crystalline .powder, ^stable in airbut 
darkens when exposed to light, meitS;at aboui225?^ . w 

Solubility— 1 g in 520Q ml water, 57 ml alcohol, <5 ml c^proform, 860 
ml ether, 69 ml acetone. 

Uses— Although not strictly speaking a steroid, its configuration 
is that of a 17-methyl androgenic steroid. Its anabolic actions are 
strong relative to ijts androgenic actions, Conseguentiy, it is used in 
the treatment of chronic^waJtingdise^^ and conditions in which 
negative nitrogen balance exists, In cluldr en with re tarded growth. 
low doses of dxahdrolone may increase height and weight without 
increasing bone age to a comparable degree, but large dosesmay ad- 
vice* bone age and cause: closure of the epiphyses. The drug favors 
calcium retentioh;and bone reconstruction and hence may be used 
to treat o^eo^brb^/^owevfer, in females it is probably usuaUy better 
to use estrogens for that purpose. The drug may cause virilization, 
especially m chi^eri^r m adulte if t±ie recommended doses are ex- 
ceeded. ' The pot^ritial ; tSxicity is triat of the androgens buttta inci- 
dence and severity are. tes&ihan with testosterone.. Oxandrolone may 
adversely affect liver function tests, and the possibility of cholestatic 
jaundice must be kept In mind: Leukopenia^has also been reported. 
It is contraindicated in prostatic 1 c^cer; breast cancer in some women, 
pregnancy, neptiiosis, and premature and newborn, infants. 

tyoie— Adults initially? 2^5 to 5 mg 2 tp A 4 times a day, then 2.5 to 
5 me a day for maintenance not to be taken fpr more ibpA 3 months 
in any one course, for. children, 250 /ig/jkg a day, repeated as indi- 
cated . - 

Dosage Form-— Tablets 2 5 mg.. 



-.'.•■> Oxymetholpne ■■ . ; ,• ....... 

. t ■ ... ■ .......... 

And^ostan 3-one, 17 hyoroxy-a 

(5a,17j3) Adrpyd {Parke Davis), Ariadjql XSyntex)-, 



the oxymetholone which may be.purirjed by recrystallization from 
ethyl acetate. J Am ChemSoc 81: 427, 1959. 

Description—White to creamy whits crystals or crystalline powder 
odorless and stable in air; tautomeric in nature arid can exist as either 
tautomer or as a mixture of both, the exact compositaon depending. on 
solvent and rate c^ crystaUizati.onj melts between 172° and 180°. . 

Solubility— 1 g in >10>000 ral waiter , 40 ml alcohol, 5 ml cMorofprhi, 
82 mi ether, 14 ml'dioXane. 

. Uses— An androgenic. sjteroid with relatively greater anabolic ac- 
tivity than androgenic activity. Consequently, it is mainly employed 
to promote nitrogen anabolism and weight gain in cachexia and der 
bilitating ^diseases and after serious infections, burns, trauma or 
surgery. It may relieve pain in certain types of osteoporosis, and it 
promotes calcium retention, so that the condition of the bone may 
improve. It may beiused for its erythropoietic effects in the treatment 
of hypoplastic and aplastic anemias. Side effects include nausea, 
vomiting; anorexia, burning of thefongue, increased or decreased U- 
bidoy:-acne;. 'Suppression 6f ! gonadotropin; secretion,, virilization 
(especially in women and children), gynecomastia in males, oligo^ 
spermiavsodium retention and" edema, abnormal Uver function tests, 
cholestatic jaundice, decrease in several clotting factors, and hem- 
orrhagic diathesis in the presence^ -of anticoagulants. ■ • & * : 

Dose— Anabolic, adults, 5 to 10 mg (occasionally 30 mg) a day, 
preferably for 3 weeks and never longer than 13 weeks/course, with 
rests.of 2 to 4 weeks between courses; in prepuberal children, 2.5 to 
5 mg a day, for not more than 30 days/course. In hypoplastic or 
aplastic anemia or myelofibrosis, children and adults, usually 1 to 
2 rag/kg of body weight a day, but higher doses, up to 5 mg/kg, may 
be required. . 

Dosage Forms — Tablets: 5, 10, and 50 mg. 

Stanozolol 

2 / H-AndTOst-2-eno[3,2-c]p^azol-17 r ol, 17-methyl-, (5a,170)-; 
Winstrol iWinthrop). 



17j8-Hydroxy-2-(hydroxymethyiene)- 17-methyl-5a-androstan-3- 

one [434-07-1] C21H32O3 (332.48). 

Preparation— 17#-Hydroxy- 17- methylandrostan T 3- one (17- 

meliiyldihydrotestosterone) is reacted wjth ethyl formate and sodium 
hydroxide by stirring the mixture under nitrogen for several hours 
thus forming the 2-Xsodoxymethylerie) derivative: Treatment of the 
washed sodium compound with cold, dilute hydrochloric acid liberates 




n-Methyl^tf^a-^ 
C 2 iH 32 N2Q. (328:60) :r Q • * 

Preparation— 17-Methyl Sa^androstan 17^-oi 3-one is converted 
into its. 27f6rmyi derivative which is then condensed with hydrazine 
hydrate. iUS^t; 3,<)30,35». : : *f .W"- ..... • . ■' [' 

Description— -Nearly colorless, odorless, crystalline powder; exists in 
two/orms:, needles, melting at about 1 55°, and prisms, meltmg at about 
235° ' • •■ • ■■ • ; ■ ■ 

Solubility— lg in > 1000 ml water , 41 ml alcohol 74 ml .cMorpfornK 370 

ml ether,. . . . 

Tj S es_-An andfegehic steroid with relatively strong anabolic arid 
weak androgenic activity:- Consequently, it is employed maonly. to 
promote nitrogen anabolism and weight gain in cachexia and debil; 
itating diseases and after serious infections, burns, trauma, or surgery^ 
Although it ma^TelieVe pauiin certain types Of osteoporosis, it ap- 
parently does not affect bone density. It may have an erythropoietic 
effect In hypoplastic and aplastic anemias: 

Side effects include increased or decreased libido, virilization 
(especially in women- and children), sodium retention and edema; 
hypercalcemia, insbinnia, restlessness; chills, hemorrhage m patients 
on anticoagulants, acne, and hepatic.dysfunction. : PotentiaUy any 
of the side effects of Testosterone may occur. - * • 

Dose^-'Adufts and children over;6 years of age, 2 mg 3 turiesa day; 
children under 6 years of age, 1 mg twice a day. 

Dosage Form— Scored Tablets: 2 mg. 



Testolactone 

D-Homo-17a-oxaandrosta-l,4-diene-3,17-dione; Teslac (Squibb) 



v'- 
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i3;Hydroxy-3^ox^ 
tone [96S-93-4] Ci^Oa (306 40). 

Preparation-yBy microbial transformation of progesterone, tes- 
tosterone, and various other steroidal substances. US Pat 2,744 120: 
J Org Chem 30: 760, 1965. : 

Description— White to off white, practically odorless, crystalline 
powder; stable in light, airland normal temperatures; melts at about 

218°. . ■.. ,} 

^lubilityr-Slightly soluble in water and benzyl alcohol; soluble in 
alcohol and chloroform; insoluble in ether and solvent heptane. 

Uses— Although structurally related to the androgens, it is es 
sentially devoid of andrqgenic activity in therapeutic doses^ It is used 
in the adjunctive and palliative treatment of inoperable breast . cancer 
in women. It is not known whether the antineoplastic effect- is the 
result of a unique cytotoxic action or whether its mechanism is that 
of the androgens in general Remissions occur in approximately 15% 
of cases. ' * :4 ■■•'«" • 

Except possibly for hypercalcemia, the side effects are not those 
of the androgens. There may be mild pain, irritation, and mfjam- 
matron at the site of mjection. Other reported side effects are nausea, 
vomiting, aches, : myalgia, arthralgia, edema of the extr e^ ties, par- 
esthesias, maculopapular rash, hypertension; these all subside without 
discontinuation of the drug* and it is not always clear to what extent 
the drug or the disease is responsible: 

Dose— Intramuscular, 100 mg 3 times a week; oral, usually 250 
mg 4 times a day. 

Dosage Forms-^Sterile Suspension: 100 mg/ml; Tablets: 50 and 
250 mg. 



Testosterone 

Androst-4-en-3-one, 17-hydroxy, (17/3)-; 
Oreton (Schering) 




170-Hydroxyandrost-4-en-3-one [58-22-0] Ci9H2s0 2 (288.43). 

Preparation— First isolated in crystalline form by Laquer in 1935 
who obtained it from -animal testes. Although small amounts of 
testosterone may be extracted from testicular material, the synthetic 
commercial supply is derived from cholesterol. The key intermediate 
in the synthesis is dehydroepiandrosterone which can be treated 
further, by either chemical . or microbiological processes, to yield 
testosterone. US Pat. 2,236,574. 

Description — White or slightly creamy white crystals or crystalline 
powder; odorless; stable in air; melting range 153° to 157°. 

Solubility — Practically insoluble in water; 1 g in about 6 ml of dehy- 
drated alcohol, 1 ml chloroform, 100 ml ether; soluble in vegetable oils. 

Uses — See the general statement, page 939. Testosterone is not 
effective orally because it is destroyed in the liver on absorption. Its 
plasma half-life is slightly less than 2 hours. 

Dose — Intramuscular, in various male hypogonadal states, 10 to 
50 mg 2 or 3 times a week; for dysmenorrhea and premenstrual 
tension, ?5 mg 2 times a week for 2 weeks or 25 mg a few days before 
menstruation; for dysfunctional uterine bleeding, 25 to 50 mg once 
or twice a week for 2 weeks, then y 2 this amount as required; in en- 
dometriosis, 25 mg 6 times a week for 4 weeks, beginning midcycle; 
to prevent postpartum breast engorgement, 25 to 50 mg once a day 
for 3 or 4 days; in the menopause, 10 to 25 mg 1 or 2 times a week; for 
frigidity, 10 to 25 mg 2 or 3 times a week for 6 to 8 weeks; in metastatic 
breast cancer, 25 to 100 mg 3 times a week for low-grade and up to 
1 g a week in high-grade malignancy; for anabolic effect, 10 to 25 mg 



3 to 7 times a week!- Subcutaneous implantation, for male hypo- 
gonadism, 156 to 450 mg (2 to 6 pellets) every 4 to 6 months. 

Dosage Forms—Pellets: 75/ nig; Sterile Suspension: 25, 50, and 
100 mg/ml. ., ... 

. Testosterone Cypionate 

Androst-4-en-3-one, 17.-(3-cyclopentyl-l-oxopropoxy)-, (170),;'. 
Testosterone Cyclopentylp/opionate USP XVI; 
Depo-Testosterone Cypionate {Upjohn) 

Testosterone cyclopentanepropionate [58 20-8) CyyH^Os 
(412.61). . 

"For 'the structure^ qf the base, see' Testosterone 
Preparation—Testosterone, is esteriiled b^ interaction with 3- 
cyclopentylpropionyl chloride iC^nCHaCHzCOClj in the presence 
of pyridine. The solid ester is recovered by pouring the reaction 
mixture into cold GN sulfuric acid, extracting the crude ester with 
isopropyl ether, washing the. extract with water, drying the solution, 
removing the solvent, and crystallizing from hexahe!. 

Description — White or creamy White, crystalline powder which is 
odorless or has a slight odor and is stable in air; melts between 98° and 

104°.' r v 

Solubility— Insoluble in water; freely. soluble in alcohol, chloroform, 
dioxane,- and ether, soluble in. vegetable oils! . 

Uses-^-The actions, uses, and limitations are the same as for an- 
drogens in general (see the general statement, page 939) but the cy 
pibriate has a much ltfnger duration of action than testosterone when 
administered intramuscularly in oil. It is not used in the female ex- 
cept to treat postmenopausal osteoporosis and breast cancer. Viri- 
lism in women is likely if the dose exceeds 150 mg a month. 

T>ose^Intramuscular, 'm oil* in various male hypogonadal states 
and impotence, 200 to 400 mg every 3 to 6 weeks initially and 4 to 6 
weeks for maintenance once a response occurs; for oligospermia, 100 
to 200 mg every 3 to 6 weeks or 200 mg each week for 6 to 10 weeks, 
after which a rebound surge in sperm production may occur; for an- 
abolic effects and osteoporosis, 200 to 400 mg every 3 to 4 weeks; for 
metastatic breast cancer, 200 1 to 400 ing every 2 weeks or longer. 

Dosage Forms — Injection: 50, 100, and 200 mg/ml, 500 mg and 
land2g/10ml. 

Testosterone Enanthate 

Androst-4-en-3-one, 17-[(l-oxoheptyl)oxy]-, (17/8)-; 
Delatestryl (Squibb) 

Testosterone heptanoate [315-37-7] C26H40O3 (400.60). 

For the structure of the base, see Testosterone. 

Preparation— A solution of enanthic acid in benzene is refluxed 
for about one hour after which it is allowed to cool, testosterone is 
added, and the mixture is refluxed for about 21 hours. The resulting 
light brown solution is cooled, extracted with a sodium hydroxide 
solution to remove surplus enanthic acid, washed with water, and 
dried over magnesium sulfate. After removal of solvent, the crude 
ester is purified by molecular distillation. 

Description — White or creamy white, crystalline powder; odorless or 
has a faint odor characteristic of enanthic acid; melts between 34° and 39°, 
the initial temperature of the bath not exceeding 20° . 

Solubility — Insoluble in water; 1 g in about 0.3 ml ether; soluble in 
vegetable oils. 

Uses — The actions, uses, and limitations are the same as those of 
Testosterone Cypionate. The effects of a single intramuscular in- 
jection may last 3 to 4 weeks. 

Dose — Intramuscular, for replacement in male hypogonadal 
states and for impotence, 100 to 400 mg every 4 to 6 weeks; for oli- 
gospermia, 100 to 200 mg every 4 to 6 weeks or 200 mg each week for 
6 to 12 weeks, after which a rebound surge in sperm production may 
occur; anabolic (antianemic), 200 to 600 mg (or 3 to 10 mg/kg of body 
weight) once a week for several months; osteoporosis, 200 to 400 mg 
once every 4 weeks. 

Dosage Forms— Injection: 200 mg/ml, 500 mg and 1 g/5 ml, 1 and 
2g/10ral. 

Testosterone Propionate 

Androst-4-en-3-one, 17-(l-oxopropoxy)-, (17)3)-; 
Oreton Propionate (Schering) 
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vl70-Hydroxyandrost-4-en-3-orie propionate [57-85-2] C^zzOz 
(344.49). '- : • f; ; ' ; 

For the structure of the base; see Testosterone. 

Preparation— Readily from testosterone by refluxing with pro- 
pionic anhydride. 

Description— White o^criainy white crystals or crystalline powder; 
odorless and stable in air; melts between 118° and 123°. 

Solubility—Insoluble in water;' freely soluble in alcohol, dioxane, ether, 
and other organic solvents; soluble in vegetable oils. 

jjses — The acjtions, uses, and imitations are the same as those of 
androgens. Intramuscular; iriject%k of the propionate provides; a 
somewhat more intense action than with testosterone , but t^e jura- 
tion of action is somewhat shorter , even though the half -life is about 
4 hours. 1 The parenteral route isriot ^tie4^tp'^ng-.te&'|^tiMnt 
The oiher esters of testosterone and.syhthetic congeners have con- 
siderably diminished the importance of the propionate. 

D OS e — intramuscular, for various maU hypogonadal states, 10 
to 25 mg 2 to 5 times a Week, for postpuberal cryptorchidism, 15 mg 
twice a day; for anabolic effects, 5 to 10 mg a day; to prevent post- 
partum. breast engorgement, ?5 to 50mg a day for 3 or 4 days, starting 
at delivery; for metastatic bredst cancer in women, 100 mg 3 times 
a week. Bucca I, in male, hypogonadism, 2.5 to 10 mg twice a day in 
divided doses; to preverit postpartum breast engorgement, 20 mg 
twice a day for 3 to 5 days, starting shortly after delivery; in metastatic 
breast cancer, 50 mg twice a day £or as, long as improvement is 
maintained or for 3 months if no improvement obtains 

Dosage Forms— Injection 10, 25, 50, and. 100 mg/ml, Tablets, 
Buccal 10 mg 

Other Androgenic Hormones 
Calusterone r. /[17j8.Hydroxy-7j3,l7-dimethyiandrost-4-en-3-tOJie 
[17021,26-0] C2iH32Q2 (316v48);.Methosarb (Upjohn)\— Reported to be 



synthesized by reduction of 6-dehydro-7 ? 17a-dimethyltestosterone. 
White to off-white, odorless, tasteless, crystalline powder; stable in light 
and air; melts between 128° and 134°. . Insoluble in water; freely soluble 
in alcohol. Uses: Has very weak androgenic actions yet is relatively 
potent in the palliation of metastatic breast carcinoma. Whether it has 
a unique cytotoxic action or whether the antineoplastic effect has the same 
mechanism as other androgens is unknown. It ia not used for androgenic 
therapy. Signs of virilization, such as deepening of the voice, acne, and 
facial/hair growth occur in 20 to 25% of users. Etf ema.cHtoraleiilarge- 
ment arid Other androgenic effects occur occasionally but are mild. Hy 
percalcemia, has been reported. Although some liver function tests may 
be altered; cholestatic jaundice is rare. Nausea and vomiting occur in 5 y 
to 10% of patients, Dose: 450*0 300 mg a day: Dosage Form. ^Tablets. 
50 mg 

Ethylestrenol [17a-E^lestr-4-en^l7-olC2oH320.(^.46); MaxibOlin 
{Organon)]—A solution of 3-ethoxy-l 7 otTethylestradiol in ether is reacted 
ir> the cold with dry ethylamihe tQ which lithium has been added. Fol- 
lowing solvent extraction, the crude dry product is distributed between 
petroleum ether and 70%< methanol. The petroleum ether layer re sepa 
rated and--evapOTated\-to yield-' the" etKytes^renbl. 1 US Pat. 3;1;12,328. 
White to creamy white, crystalline powder that is odorless and tasteless; 
unstable in heat and light, melts between 83° and 95 9 Freely soluble in 
alcohol; soluble in chloroform; practically insolublein water Uses An 
anabolic steroid related to the androgens:^ It promotes tissue building, 
a renewal of vigor; a feeling of well-beings and bone matrix reconstruction; 
Consequently, there is an increase in appetite and body weight. It is Osed 
in treating the wasting diseases to facilitate convalescence from prolonged 5 
illness, ani to arrest osteoporosis. It is also used to antagonize certain 
catabolic effects' of corticosteroid therapy., . Et^lestoenol:potentially has 
all the side Reels' of fesiteterone- (page 943) : ,^xcept^haV.^^. a, ^ JpR: 
erally of lower incidence and weaker. Its most serious side effect is chp: 
lestatic jaundice; in common witn other anabolic steroids. Although its 
androgenic actions are weak} the drug may induce withdrawal bleeding 
and amenorrhea in wdmeli;-and it is contraindicated in prostatic carci- 
noma. Dose: Oral, 4 mg once a day for up to 6 weeks; after a;4-week 
pause, an additional course may be administered indicated. Forchii- : 
dren, l;tq 3 mg a. day. . ,. . ; . : 
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Suppression of Spermatogenesis by Testosterone in Adult Male Rats: 
Effect on Fertility, Pregnancy Outcome and Progeny 1 
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ABSTRACT 

The relationship between decreasing sperm atogenic activity and fertility, pregnancy outcome 
and the progeny is poorly understood. To study this relationship a model where testosterone is 
given by a sustained release device is used. Adult male Sprague-Dawley rats received empty or 
testosterone-filled implants measuring 0.5. 1.0, 2.0, 3.0, 4.0 and 8.0 cm. On Day 90 and again on 
Day 104 each male was exposed to two females in proestrus. Twenty days later the females were 
killed. Corpora lutca, implantation sites, resorptions and live normal and abnormal fetuses were 
counted. Sperm counts in the caput-corpus region of the epididymis in the 3.0% 4.0- and 8.0-cm 
testosterone treatment groups were 12.6%. 3.0% and 29.9% of control, while those in the caudal 
region were 19.8%, 4.0% and 50.8% of control, respectively. The number of females with spermato- 
zoa in the vagina after breeding was significantly diminished only in animals treated with the 4.0- 
cm testosterone implants (control, 95.8%; 4.0-cm, 50%) while the number of pregnant females 
per sperm-positive females was markedly reduced in the females mated with both the 3.0-cm and 
4.0-cm testosterone implants (control, 82.6%; 3.0-cm, 10.0%; 4.0-cm. 7.7%). There was no effect 
on the numbers of corpora lutea, on the incidence of pre- or post-implantation loss, malformations, 
or on the numbers of pups/litter. Individual animals with a decrease in caudal epididymal spermato- 
zoa! reserves to less than 5 million, however, are infertile. A decrease in epididymal spermatozoa] 
reserves mediated by testosterone does not cause an increase in teratogenicity in the resultant 
progeny. 



INTRODUCTION 

In the past decade there have been increasing 
efforts to develop a male contraceptive. Associ- 
ated with these efforts some major questions 
have become apparent. Namely, is azoospermia 
a necessary condition for an effective male con- 
traceptive and are the progeny that may result 
from oligospcrmic males normal? These con- 
cerns have been clearly underscored in the 
Guidelines for the Clinical Testing of Contracep- 
tive Drugs (Schaffenburg et al., 1981). 

Since the early 1970*5 it has been established 
that testosterone administered via polydimethyl- 
siloxane (PDS) capsules can, at appropriate 
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doses, suppress spermatogenesis (Ewing et al., 
1973; Reddy and Prasad, 1973). The ability of 
this endogenous compound to induce azoo- 
spermia as opposed to oligospermia is species- 
specific (Ewing and Robaire, 1978). In rats, 
monkeys and man, testosterone administration 
results in oligospermia (Ewing et al., 1976; 
Steinberger et al., 1978; Swcrdloff et al.. 1978; 
Robaire et al., 1979; Lobl et al., 1983). Thus, 
due to the inability of testosterone capsules to 
consistently bring about azoospermia, a condi- 
tion thought to be essential for a contraceptive 
formulation, numerous efforts have been made 
combining testosterone with other compounds 
such as estradiol (Robaire et al., 1979; Kuhl et 
al., 1981), progestagens (Brenner et al., 1977; 
Schearer, 1978), and luteinizing, hormone- 
releasing hormone (LHRH) analogs (Heber and 
Swcrdloff, 1980; Docile et al., 1983). Though it 
is possible to attain azoospermia in some 
species with some of these combinations, the 
two basic questions of the necessity of azoo- 
spermia and of the possible adverse effects of 
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hormone-induced oligospermia on any potential 
progeny are unresolved. 

The present study was designed to evaluate 
the effect of graded decreases in spermatogenesis 
as induced by testosterone on fertility, preg- 
nancy outcome and the progeny. We have found 
that: i) though no treatment decreased the 
mean caudal epididymal spermatozoal reserved 
to less than 5 million, individual animals having 
a decrease in caudal epididymal spermatozoal 
reserved below this number are infertile, and 2) 
a decrease in epididymal spermatozoal reserves 
does not cause an increase in teratogenicity in 
the resultant progeny. 



MATERIALS AND METHODS 

Treatment of Males 

Adult male Spraguc-Dawley rats (30O-350 g) were 
obtained from Charles River Ltd. Canada (St. Constant, 
Quebec), maintained on a 14L: 10D cycle and provided 
food and water ad libitum. After 1 wk habituation 
period the animals were randomly assigned to one of 
seven treatment groups (n=6). Each animal was 
implanted with a subdermal polydimethylsiloxane 
(PDS) capsule(s). The capsules were made from PDS 
tubing having an o.d. of 3.18 mm and an i.d. of 1.98 
mm (Dow Corning catalogue #602-305, Midland, 
MI), medical adhesive silicone type A (Dow-Corning 
catalogue #891) and filled with testosterone (Stcra- 
loids, Wilton, NH). The procedure for preparing the 
capsules has previously been described (Stratton et al.. 
1973). Under ether anesthesia, control animals were 
implanted with empty capsules measuring 4.0 cm and 
the six testosterone treatment groups received implants 
of the steroid-filled capsules measuring 0.5, 1.0, 
2.0, 3.0, 4.0 and 8.0 (2 X 4.0) cm, respectively. The 
testosterone release rate was *V30 pg*cm»day (Robaire 
and Zirkin, 1981). The animals were weighed at 
weekly intervals. 

Fertility Studies 

Adult female Spraguc-Dawley rats (200-225 g) 
were obtained from Charles River Ltd. Canada, and 
were smeared daily to monitor their estrous cycles. 
Two females in pr oestrus were mated to each of the 
males that had been implanted with PDS capsules 90 
days before. Each male was mated to a second group 
of two females in proestrus 14 days after the first 
mating. Males were killed within a week of the second 
mating by decapitation. Trunk blood was collected, 
serum was prepared and stored frozen at — 80° C until 
assayed for testosterone by radioimmunoassay as 
previously described (Scheer and Robaire, 1980). 
Testes, epididymides and seminal vesicles were re- 
moved, blotted and weighed. The epididymides were 
divided into caput-corpus and cauda regions: each of 
the four sections was homogenized (in 0.9% NaCI, 
0.1% sodium merthiolate, and 0.5% Triton X-100) and 
spermatozoal heads were counted to assess tissue 
content of spermatozoa (Robb et al., 1978). 



Analysis of Pregnancy Outcome 

The morning after each mating, the number of 
seminal plugs for each male (the number on the tray 
beneath the suspended metal grid of the cage or in the 
female) was counted. Females were examined for the 
presence of spermatozoa in the vagina. Twenty days 
after each mating, the females (total number 168) 
were guillotined. The ovaries were removed and the 
number of corpora lutea was counted. The uteri were 
caesarian sectioned and the number of implantations, 
resorptions and live fetuses were counted. Fetuses 
were blotted dry, weighed and examined for external 
malformations and sex. Half of the live fetuses were 
fixed in absolute ethanol for skeletal staining and 
examination (Inouye, 1976); and the other half of the 
fetuses were fixed in Bouin's solution for examination 
of internal malformations by Wilson's razor blade 
sections (Wilson, 1965). 

Statistical Evaluation 

All data were analyzed by one-way analyzis of 
variance (ANOVA) with the new Duncan's multiple 
range test (Dunnct, 1970) and by chi-square analysis 
with Yatc's correction for discontinuity (Campbell, 
1974) as indicated in the text. The level of significance 
is taken as P<0.05 throughout unless stated otherwise. 

RESULTS 

Effects of Testosterone-Filled PDS 
Implants on the Male Reproductive System 

The effects of different testosterone-filled 
PDS implant lengths on the male reproductive 
system of rats are shown in Tables 1 and 2. The 
objective of using these different treatments 
was to obtain animals with varying numbers of 
spermatozoa in the epididymis. To validate this 
experimental approach, a number of essential 
parameters are presented. The mean initial 
body weights for each of the seven groups of 
animals were not significandy different (Table 
1). All groups of animals gained weight during 
the 110-day experimental period. The only 
group that had a significantly different mean 
final weight from any of the others was that 
treated with 8.0-cm implants. 

There was no significant change (P>0.05, 
Duncan's multiple range test) in serum testos- 
terone in animals receiving implants from 0.5 to 
8.0 cm in length. Seminal vesicle weights were 
not significantly changed with all doses of 
testosterone used with the exception of the 2.0- 
and 8.0-cm implants. The small but significant 
increase found in the seminal vesicle weights of 
the animals receiving 2.0-cm implants is surpris- 
ing since the seminal vesicle weights of the two 
groups bracketing it are not different from 
control. The large and significant increase in 
seminal vesicle weight with the 8.0-cm im- 
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plant was expected since at this dose serum tes- 
tosterone is higher than control. 

Predictably, there was a biphasic change in 
testicular weight. Implant lengths up to 4.0 cm 
had either no effect or caused a decrease in testis 
weight. This decrease was significant in groups 
receiving 3.0-cm and 4.0-cm implants. It is 
interesting to note that there is an abrupt, 
nearly 50%, decrease in testes weights between 
groups of animals receiving 2.0-cm and 3.0-cm 
implants. The group receiving 8.0-cm implants 
also had mean testicular weights significantly 
lower than control. The weight was, however, 
nearly 50% greater than that of the 4.0-cm 
implant-treated animals (P<0.05). 

The dose-dependent changes in epididymal 
head-body and tail weights (Tabic 2) are quali- 
tatively similar to those found for testicular 
weights. The number of spermatozoa in the 
head-body and tail of the epididymis changed 
much more dramatically, however. Animals 
having means of 3%, 13% and 30% of the con- 
trol head-body spermatozoal content were ob- 
tained in the 4.0-, 3.0- and 8.0-cm implant 
groups, respectively. Similarly, animals having 
means of 4%, 20% and 50% of the epididymal 
tail spermatozoal content were obtained in the 
4.0-, 3.0- and 8.0-cm implant groups. Thus, 
the experimental design did result in animals 
having different decreases in sperm reserves. 

Effects of Testosterone-Filled 
PDS Implants on Fertility 

The occurrence of mating between each male 
and the two females in the cage was assessed 
by counting the number of seminal plugs in the 
tray beneath the cage on the morning following 
exposure (Fig. 1 A). The mean numbers of plugs 
in all treatments were surprisingly similar, 
ranging between 3.8 and 6.0. There was only one 
treatment group, with 1.0-cm testosterone-filled 
PDS implants, that had a significantly lower 
number of plugs than control. This difference 
was, however, barely significant at the P<0.05 
level. The value was not significantly different 
than that found in a number of other treatment 
groups, e.g., 3.0- and 4.0-cm implants. 

The percent of sperm-positive females per 
number exposed, i.e., 24 per treatment group, 
remained within the 75 to 96% range for all 
groups with the exception of that treated with 
the 4.0-cm testosterone-filled PDS implants 
where the percent of sperm -positive females 
was reduced to 50% (Fig. IB). It is interesting 
to note that an 80% reduction in the spermato- 
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TABLE 2. The effect of testosterone (7>filled PDS implants on epididymal weights and sperm counts. 

Epididymis 



Head-body Tail 



Treatment 
group 


Weight (g) 


Sperm count 
(X 10*) 


Weight (g) 


Sperm count 
<X 10*) 


Control 


0.60 ± 0.01* 


103.7 ± 6.0 


0.66 ± 0.01 


174.5 ± 22.9 


0.5 cm T 


0.65 ± 0.03 


113.2 ±6.6 


0.65 t 0.02 


169.6 ± 20.4 


1.0 cm T 


0.60 t 0.03 


109.0 ±6.8 


0.65 ± 0.03 


223.9 ± 22.8 


2.0 cm T 


O.60 ± 0.01 


101.7 ± 5.0 


0.62 ± 0.03 


172.3 ± 23.0 


3.0 cm T 


0.38 ± 0.03 • 


13.1 ± 11.0* 


0.33 ± 0.04* 


34.5 ± 32.3* 


4.0 cm T 


0.39 ± 0.02* 


3.1 ± 0.6« 


0.30 ± 0.02* 


7.0 ± 2.8* 


8.0 cm T 


0.45 ± 0.02* 


31.0*7.1* 


0.48 ± 0.03* 


88.7 ± 14.9* 



Values represent means t SEM (n«6). 

•P<0.05, AN OVA and Duncan's multiple range test. 



zoal reserves of the tail of the epididymis (Table 
2) has no effect on the number of sperm-positive 
females per number exposed. The percent of 
pregnant females per sperm-positive females, 
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Sperm Positive Females/Number Exposed 
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however, was significantly decreased in two 
treatment groups, i.e., those animals receiving 
3.0- and 4.0-cm implants (Fig. 1C). In comparing 
Panels A, B and C of Fig. 1 , it becomes evident 
that though testosterone treatment has no major 
effect on male sexual behavior there is a mar- 
ginal decrease in the number of sperm-positive 
females and a major decrease in the number of 
pregnant females per sperm-positive females. 

The mean number of spermatozoa in the tail 
of the epididymis (Table 2) and the total 
number of pregnant females per sperm-positive 
females (Fig. 1C) would suggest that these two 
parameters are proportional. However, careful 
examination of the data for individual males 
demonstrates that, in fact, there is an apparent 
minimal spcrmatozoal number in the cauda 
epididymitis necessary to obtain fertility and 
that over a wide range of caudal epididymal 
spcrmatozoal counts there is a similar rate of 
fertilization. In Fig. 2 the individual epididymal 
tail spcrmatozoal counts for all 42 males 
in the seven treatment groups are graphed. The 
proportion of each bar that is batched represents 
the percentage of the four exposed females that 
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FIG. 1. Effect of testosterone-fill ed PDS capsules 
implanted subcutaneously for 3 mo in adult male rats 
(n-6 per group) on: A) Number of seminal plugs/male 
after overnight exposure twice to two females in pro- 
estrus. Values represent means i SEM. B) Percent 
of sperm-positive females/number of exposed females 
(n-24 per group). C) Percent of pregnant females/ 
sperm-positive females. Starred values represent a 
statistically significant difference from empty implants 
(P<0.05) by Duncan's multiple range test {A) or chi- 
square analysis {B and O. 
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became pregnant. Four major points may be 
highlighted from this figure. First, no male 
whose epididymal sperm reserve was five 
million or less caused a female to become 
pregnant. Second, in the 3.0-cm implant group 
one male is responsible for the two pregnancies 
and contributes over 95% to the sum of the six 
animals with respect to epididymal tail spermato- 
zoa; this "spurious" animal did not significantly 
differ from any of the other animals in this 
group with respect to the other parameters 
tested, e.g., serum testosterone or seminal 
vesicle weight. Third, epididymal tail spermato- 
zoa] reserves that ranged from about 30 to 200 
million all resulted in at least one and usually 
two to four pregnancies out of four exposed 
females. Finally, it may be worth noting that 
the male (last animal in the 1.0-cm implant 
group) having an epididymal tail spermatozoa! 



content over 80 million greater than any other 
male did not impregnate any of the exposed 
females. 

Effect of Testosterone-Filled PDS 
Implants on Pregnancy Outcome 

To assess potential effects on fertilization 
and subsequent implantation, the numbers of 
corpora lutea and implantation sites were 
quantified (Fig. 3 A). Since the females were 
not treated, the number of corpora lutea in all 
the groups was expected to be similar, which is 
indeed the case. The number of implantation 
sites in the 0.5-, 1.0% 2.0- and 8.0-cm implant 
groups did not differ significantly from the 
control. Of the three out of 48 females that 
became pregnant after exposure to males 
bearing 3.0- and 4.0-cm implants, two had a 
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FIG. 3. A) The effect of testosterone-filled PDS capsules implanted subcutancously for 3 mo in adult male 
rats (n-6 per group). A) The number of corpora lutea and implantations per pregnant female. Bars represent 
means ± SEM. For the 3.0-cm and 4.0-cm implant groups individual values axe presented. S) The percent of re- 
sorptions/implantarions and percent of malformations/live fetuses. Zeros indicate an absence of observed malfor- 
mations. No significant differences were found. 
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number of implantations (8 and 11) that were 
within the range of the control and other 
treatment groups. The third female, however, 
had only one implantation site. Thus, there was 
no marked effect of testosterone suppression of 
spermatogenesis on the number of implantation 
sites. This indicates that this treatment is not 
selectively deleterious to fertilization or early 
embryonic development. 

Postimplantarion embryonic death or resorp- 
tions and malformations for litters from control 
and treated males are shown in Fig. 3B. The 
rate of resorptions in all seven groups of animals 
ranged from 2 to 11% with the control value 
being 5.5%. No significant differences were 
found among these groups by chi-square 
analysis. The incidence of malformations 
among the live fetuses examined on Day 20 of 
gestation varied between 0 and 1% in all treat- 
ment groups (Fig. 3B). Though the two treat- 
ment groups with no malformed fetuses were 
the 3.0- and 4.0-cm implant groups, it would 
be inaccurate to assign a protective role to this 
treatment because the denominator is very low. 
Further, the types of malformations that were 
found in the progeny from animals treated with 
empty, 0.5-, 1.0- , 2.0- or 8.0-cm testosterone- 
filled implants were varied (Table 3). This 
spectrum of malformations is consistent with 
spontaneous malformations and not with any 
selective teratogenic effect of paternal treatment 
with testosterone. 

The mean number of pups/litter was in the 
range of 9.6 to 12.1 for the control and all 
treatment groups. The only exception was the 
3.0-cm implant group where the one male who 
fathered both litters (1 and 7 pups) had high 
epididymal spermatozoal reserves. The number 
of male and female pups in each litter is shown 
in Fig. 4A. It is clear from this figure that 



testosterone treatment of the males and thus 
different levels of spermatogenesis does not 
result in a selective preference for one sex over 
the other. Further, the mean per litter weights 
of the male and female pups in the control and 
all treatment groups were very similar (Fig. 4B). 
The mean per litter weights of the male pups 
were consistently, but not significantly, higher 
than those of the female pups. It is interesting 
to note that the one surviving fetus (male) in 
one of the two litters from the male treated 
with a 3.0-cm implant had a weight that was 
nearly identical to the mean per litter weight of 
male pups in the control group. 

DISCUSSION 

The results presented above indicate that 
decreases in epididymal tail spermatozoal 
reserves do not result in proportional decreases 
in the number of progeny per litter. Rather, 
there can be substantial decreases (greater than 
90%) in epididymal tail spermatozoal reserves 
without any effect on the fertilizing potential 
of the male or on the number of the resulting 
progeny. It is also evident that epididymal tail 
spermatozoal reserves that are 5 million or less 
are apparently not associated with any fertility. 

All of the data presented above on the 
effects of administration of testosterone via 
substained release implants on the male repro- 
ductive system and, specifically, the biphasic 
effect on spermatogenesis, are consistent with 
previous reports in the literature (Berndtson et 
al. p 1974, Reddy and Prasad. 1973; Robaire et 
al., 1979; Walsh and Swcrdloff, 1973). The 
decrease in spermatogenic activity with low 
doses of testosterone is due to a major suppres- 
sion of gonadotropins and consequently a de- 
crease in intratesticular testosterone. The par- 



TABLE 3. Types of malformations that were found in the progeny from animals with empty, 0.5- , l.O-, 2.0- 
or 8.0— cm testosterone <7>fi!led implants. 



Treatment Number of malformed 

group fetuses/live fetuses Malformations 



Control 
0.5 cm T 
1.0 cm T 
2.0 cm T 
3.0 cm T 
4.0 cm T 
8.0 cm T 



1/221 

1/173 

2/140 

2/203 

0/9 

0/10 

1/189 



Reduced tail diameter and length 

Hydrocephaly, open left eye 

Cleft mandible, omphalocele 

Reduced tail diameter and length, omphalocele 



Microphthalmia, micrognathia 
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FIG. 4. Effect of testosterone-filled PDS capsules implanted subcutancously for 3 mo in adult male rats (n= 
6 per group). A) The mean number of male and female pups/liner. B) The mean weights of male and female 
pups/litter. Bars represent means ± SEM. For the 3.0- and 4.0-cm implant groups individual litters are indicated. 



rial or complete maintenance of spermatogene- 
sis with high doses of testosterone is associated 
with large increases in serum testosterone; it is 
presumably this high circulating level of andro- 
gens that can account for the maintenance of 
spermatogenesis. The ability of high doses of 
testosterone alone to maintain spermatogenesis 
in hypophysectomized animals is further 
evidence of the above presumption (Robaire 
and Zirkin, 1981). 

There is a dearth of studies using animal 
models where the issue of the relationship 
between the number of spermatozoa in the 
male reproductive tract and fertilizing potential 
of the male is addressed. There arc, however, a 



number of relevant clinical studies in man 
where attempts have been made to correlate 
spermatozoal numbers in the ejaculate with 
fertility (Smith and Steinberger, 1977; Bostoftc 
et al., 1982). Though these studies have a 
number of inherrent limitations, the data 
indicate that men having 10 million spermatozoa 
per ml or less in the semen can have progeny; 
the percentage of fertile men in this group, 
however, is far inferior to that of groups of men 
having more than 20 million spermatozoa per 
ml. Because of the continuous fluctuations in 
seminal concentrations of spermatozoa (Belsey 
et al., 1980), there is still some doubt as to the 
ability of men having less than 5 million sper- 
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matozoa per ml to father children. The study of 
Barficld et al. (1979) would indicate that in 
men whose sperm atozoal concentrations have 
been driven down by administration of a 
contraceptive (i.e., medroxyprogesterone ace- 
tate and testosterone esters), fertility may 
result even with spermatozoal concentrations 
less than 1 million/ml; thus, this raises the 
question of whether a low spermatozoal count 
obtained as a result of contraceptive treatment 
has a higher "fertilizing potential" than a simi- 
lar spermatozoal count in a nontreated man. 
Most clinical studies, because of the problem of 
collecting serial semen samples, cannot ade- 
quately assess spermatozoa! reserves. Further- 
more, obvious ethical reasons prevent clinical 
assessment of a contraceptive with respect to 
its ability to induce abnormal progeny. 

In a study of over a thousand control patients, 
Bostofte ct al. (1982) indicated that the percent 
of pathological pregnancies in men having 5 
million or less spermatozoa per ml of semen 
was not significantly different from that of men 
having higher seminal spermatozoa concentra- 
tions. 

The concern that decreased spermatozoal 
production associated with contraceptive treat- 
ment may somehow select a population of 
spermatozoa that will produce a higher incidence 
of abnormal progeny was addressed here. The 
present study demonstrates that decreasing 
spermatozoal reserves with sustained testoster- 
one administration still results only in normal 
progeny. Furthermore, there was no increase in 
either pre- or post-implantation loss. These 
results support the observation reported by 
Ewing ct al. (1979) that 2.5- and 4.0-cm testos- 
terone-filled implants given to male rats did not 
increase postimplantation loss. 

Whether the use of other potential contracep- 
tive agents such as estrogens, progestagens and 
LHRH analogs in conjunction with testosterone 
can result in increased embryonic or fetal 
mortality or abnormal progeny remains to be 
elucidated. However, it is clear from the present 
study that the reduction in spermatogenesis 
mediated by testosterone alone does not 
produce these deleterious effects on pregnancy 
outcome. 
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Introduction 

The proliferation and differentiation of mammalian 
cells is modulated by a number of specific signal 
molecules that regulate gene expression. Among these 
signals are (i) the steroid hormones (eg. t glucocorticoids, 
mineralocorticoids, estrogens, progestins, and andro- 
gens), chemical messengers produced by the body in 
response to a variety of stimuli; (ii) small -molecule 
hormones including thyroid hormone, calcitriol (a vita- 
min D 3 metabolite), and the retinoids; and (iii) the 
cytokine superfamily of protein molecules that affect 
cells of the immune and other systems. 

The mechanism of action of steroid hormones has 
been studied extensively over the last 25 years. The 
steroid hormones, which have similar fused ring skel- 
etons, vary structurally with the placement of double 
bonds and the nature of their side chains. Dramatic 
differences in biological activity of these molecules are 
due to interactions with specific receptors capable of 
distinguishing minor differences in chemical structure. 
In contrast, nonsteroidal small-molecule hormones vary 
significantly in chemical structure; however, they utilize 
similar receptors to produce their biological effects. The 
receptors for the nonsteroidal small-molecule hormones 
include the retinoic acid (RA) receptor subtypes (RARa, 
RAR£, RARy, RXRa, RXR0, and RXRy), the vitamin D 
receptor, and the thyroid hormone receptor subtypes 
(TsRa and T3R/? and splice variants). 

The definition of biochemical events that mediate 
signal transduction in response to steroid hormones and 
small-molecule hormones has advanced rapidly, begin- 
ning in 1985 with the first cloning of an intracellular 
receptor (IR). 1 Molecular biological techniques enabled 
subsequent cloning and characterization of receptors for 
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each of the steroid and small-molecule hormones. This 
dramatically enhanced understanding of hormone action 
and led to a number of unifying insights concerning the 
receptors and their ligands. The IRs are closely related 
members of a protein superfamily 2 that have apparently 
diverged from a common ancestral gene. 3 The presence 
of a specific IR within a cell enables that cell to respond 
to the hormone cognate to that IR. The IRs share a 
common mechanism of action, since they in general 
remain latent inside target cells until exposed to their 
specific ligands, which activate them as transcription 
factors producing specific changes in gene expression. 

Cytokines are a large and diverse family of circulating 
polypeptides produced by many different cell types. 
They include various types of interferons (eg., IFN-a, 
-0, -y), the interleukins (eg., IL-6), the colony-stimulat- 
ing factors (eg., granulocyte colony-stimulating factor, 
G-CSF), and growth factors (eg., epidermal growth 
factor, EGF). Individual cytokines act upon a variety 
of cell types. As polypeptides, cytokines cannot freely 
enter cells; they act by binding to specific cell surface 
receptors. The understanding of the biochemical events 
by which some of the cytokines achieve their distinctive 
biological effects has increased significantly since 1992. 
There is a surprising degree of underlying similarity in 
the pathways of cytokine signal transduction, explained 
by the discovery of a family of latent cytosolic proteins, 
termed signal transducers and activators of transcrip- 
tion (STATs), 4 that mediate signal transduction for the 
majority of the cytokines. This newly defined STAT 
protein superfamily acts to mediate specific changes in 
gene expression and consequently cell function following 
exposure to most cytokines. 

Both the IRs and the STATs act as DNA-sequence- 
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specific transcription regulators, selecting the genes 
expressed and modulating the level of their expression 
within a cell following exposure to a specific stimulus. 
The DNA sequence-specific factors that act to modulate 
gene transcription are collectively termed transcription 
factors and include the IRs and STATs, which exert 
their effects by binding to chromosomal DNA in a 
sequence-specific manner or by interacting with com- 
ponents of the transcription apparatus, the complex of 
RNA polymerases and accessory proteins that carry out 
the production of messenger RNA (mRNA). Transcrip- 
tion factors control the expression of specific sets of 
genes. Since the pattern of gene expression determines 
cell function, the control of gene expression is a central 
process in biology. 

The concepts and terminology used to describe the 
transcription of eukaryotic genes will be briefly reviewed 
here, preceding a detailed discussion of the mechanics 
of the IR and STAT signal transduction pathways and 
their relevance to drug discovery. Transcription, the 
rate-limiting step in gene expression, is used by the cell 
as a primary point of regulation for subsequent events 
controlled by hormones and cytokines. The regulatory 
pathways involved in transcription are controlled by 
protein -protein and protein-DNA interactions. 

Transcriptional activation of eukaryotic genes during 
development or in response to extracellular signals is a 
complex process involving the concerted action of many 
proteins. RNA polymerase II is the enzyme responsible 
for the production of mRNA from genes in eukaryotes, 
as outlined in Figure I. 6 It acts in combination with a 
number of transcription factors. These factors can be 
divided into three classes on the basis of their functions. 
First are the basal transcription factors, which are 
required for an unregulated, basal level of transcription 
by RNA polymerase II. Second are the DNA-sequence- 
specinc transcription factors, which are required for 
regulated transcription of a subset of these genes. 
Lastly, the coactivators represent a newly discovered 
class of regulatory proteins that act in concert with 
sequence-specific and basal transcription factors to 
further modulate levels of transcription. 

The regulatory region in the immediate vicinity of the 
transcription start site is termed the promoter and 
contains a number of core response elements. Response 
elements are specific nucleotide sequences that are 
recognized by and act as binding sites for transcription 
factors. The core response elements are usually located 
within several hundred base pairs of the transcription 
start site. The most common core response element 
among genes transcribed by RNA polymerase II is the 
5'-TATAAA-3' sequence (TATA box), recognized by a 
specific basal transcription factor. Other response 
elements commonly found in the promoter region and 
to which specific transcription factors bind include the 
5'-GGGCG-3' and 5'-CCAAT-3' sequences. In addition, 
mammalian genes may contain particular combinations 
of positive or negative regulatory response elements that 
are uniquely arranged as to number, type, and spatial 
organization. These response elements are the binding 
sites for sequence-specific transcription factors that 
activate or repress gene expression for the gene down- 
stream from that promoter. A response element that 
regulates the activity of the promoter from a distance 
and in an orientation-independent fashion is termed an 




Minimal Initiation Complex 




Complete initiation Complex 



Figure 1. The cascade of events leading to transcriptional 
initiation. The first step in the initiation process requires 
binding of TFIID to the TATA box of the promoter. After 
TFIIB binds to TFIID on the DNA, RNA polymerase II and 
TFIIF are recruited to the complex of proteins at the tran- 
scription initiation start site. Transcriptional initiation also 
requires the presence of TFIIE and TFIIH to yield a complete 
initiation complex. 

enhancer or a silencer depending on whether it induces 
or represses gene expression. Both the IRs and STATs 
interact with response elements to control transcription. 

Initiation of transcription requires that the basal 
transcription factors, by interaction with core response 
elements, form an initiation complex, the active as- 
semblage of RNA polymerase II and accessory proteins 
required to start RNA synthesis. A schematic repre- 
sentation of initiation complex formation is shown in 
Figure 1. The first step in the assembly of the initiation 
complex is the binding of the transcription factor D for 
RNA polymerase II (TFIID) 6 to the TATA box. TFIID 
is a multiprotein complex that consists of the TATA 
binding protein (TBP) and TBP associated factors. 
TFIID acts as a binding site for TFIIB. Once bound, 
TFIIB is able to recruit RNA polymerase II and TFIIF 
to the transcription start site. The complex formed by 
the association of these factors is stable; however, 
subsequent association of transcription factors TFIIE 
and TFIIH is required to complete formation of the 
transcription initiation complex to begin mRNA pro- 
duction. 5 - 7 

Sequence-specific transcription factors modulate the 
formation of the initiation complex and thus control the 
frequency of transcription of a specific subset of genes 




Figure 2. Control of gene expression through the intracellular 
receptor signaling pathway. In the IR pathway, small- 
molecule ligunds diffuse into the cell and bind to the appropri- 
ate receptor. This leads to a conformational change of the 
receptor that causes dissociation with proteins such as hsp90 
chat are associated with the inactive form of the receptor and 
allows receptor binding to a specific response element in the 
promoter of a gene controlled by that hormone. Binding of 
an activated IR protein to its response element modulates the 
transcription of the downstream gene and, thus, translation 
of the gene product. 

by RNA polymerase II. These transcription factors may 
act (i) by binding to sequence-specific response elements 
(enhancers or silencers) within the DNA or (ii) via direct 
protein -protein interaction with basal transcription 
factors within the initiation complex. 

Recently, coactivators have been identified as a third 
class of transcription factors. It has been proposed that 
these function as physical links between the sequence- 
specific transcription factors and one or more compo- 
nents of the initiation complex. The TFIID complex, for 
example, contains several proteins that are tightly 
associated with the TBP and display some coactivator 
function; These proteins may be unnecessary for basal 
level transcription but essential for stimulation of 
transcription by sequence -specific transcription factors. 

The remainder of this review will focus on two 
families of sequence-specific transcription factors: (i) the 
IRs, the transcription factors through which steroid 
hormones and small-molecule hormones control gene 
expression, and (ii) the STATs, the transcription factors 
through which many cytokines and growth factors 
control gene expression. 

Information regarding hormonal and cytokine signal 
transduction that has delineated the underlying prin- 
ciples, properties, and biological roles of IRs and STATs 
will be discussed. Important implications for new drug 
discovery approaches, targets, and tools with the po- 
tential to yield breakthrough small-molecule drugs 
mimicking or blocking hormone and cytokine actions 
will be highlighted. 

Intracellular Receptor Function 

The sequence of events involved in IR signal trans- 
duction is shown in Figure 2. Briefly, the non-peptide 
hormones, such as estrogen or RA, are sufficiently 
lipophilic to diffuse freely through the cell membrane 
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without the need for specialized transport systems. A 
number of these hormones interact with plasma and 
intracellular binding proteins that show varying degrees 
of specificity; however, the actual: mediators of hormonal 
signal transduction are the IRs. The intracellular 
receptors, proteins with molecular masses that range 
from approximately 55 to 90 kDa, have a characteristic 
domain structure. They are located within the cell, but 
are not cell membrane associated. Once a hormone 
enters the cell, it binds to its IB with high affinity, 
resulting in a conformation change in the receptor, 
activating the IR as a transcription factor. 

In the absence of bound ligand, inactive steroid 
hormone receptors are sequestered in cells in a complex 
with the heat shock proteins hsp-90, hsp-70, and p59. 8 
Additional proteins, such as YDJ1, also appear to 
influence the activation of steroid hormone receptors. 9 
The cellular localization of the unliganded complex 
(cytoplasmic or nuclear) remains controversial. 10 The 
conformational change that occurs in the receptor as a 
consequence of hormone binding results in the dissocia- 
tion of the IR from the heat shock proteins and release 
of the monomelic receptor molecule and its ligand from 
the complex. In contrast to the steroid hormone recep- 
tors, the inactive small-molecule hormone receptors do 
not appear to interact with heat shock proteins and, in 
the absence of hormone, are located in the nucleus." 
The binding of hormone also results in conformational 
changes in these receptors and in their subsequent 
activation. The exact nature of these conformational 
changes is not known. However, for some of the IRs it 
can be shown to involve alteration in the accessibility 
of the IR's C-terminal region, detectable either with 
immunological reagents 12 or by determination of ligand 
modulation of proteolytic susceptibility in vitro. 13 

There are approximately 100000 genes expressed in 
all cells, with 10000-20000 expressed in a single cell. 
Of these, only a few hundred genes in any cell are 
regulated by IRs. Ligand-activated IRs exert their 
effects by binding directly to specific chromosomal 
enhancer sequences termed hormone response elements 
(HREs) that are located within the regulatory regions 
of target genes. 141 * Once bound to HREs, the activated 
receptor increases the transcriptional activity of the 
adjacent promoter, resulting in optimal expression of 
the target gene. Each HRE is made up of two ap- 
proximately hexanucleotide half-sites separated by a 
variable number of nucleotides. The sequence of the 
half-sites and the number, but not the sequence, of the 
spacing nucleotides are key determinants of the speci- 
ficity of IR interaction. HREs differ in their nucleotide 
sequences as well as the orientation and spacing of their 
half sites. Comparison of the sequences of the HREs 
from different hormone responsive genes indicates that 
a similar motif is used by each of the receptor subfami- 
lies (Table 1). 

Recent evidence shows that the IRs can associate to 
form homodimers, heterodimers, and possibly other 
oligomeric receptor species. ,6J7 These dimers may bind 
to inverted repeats, direct repeats, or everted repeats. 
It is generally believed, in the case of the glucocorticoid 
receptor (GR), 1 estrogen receptor (ER), ia progesterone 
receptor (PR), 19 - 20 androgen receptor (AR), 21 " 23 and 
mineralocorticoid receptor (MR) 24 that the active recep- 
tor species are homodimers. For many of the other IRs, 
including thyroid hormone receptor (TR.) RA receptors 
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Table 1. Hormone Response Elements 
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(RARs), 26,27 vitamin D receptor (VDR), 28 and a number 
of the orphan receptors, the functional transcription 
factor is a heterodimer formed with a member of the 
retinoid X receptor (RXR) 29 - 30 subfamily. 

The idea that the receptors can only bind to HREs as 
dimers is being reexamined since the estrogen receptor 
appears able to bind as a monomer to a single half-site 
of either the estrogen response element or the thyroid 
hormone response element. 31 - 32 Further, two recently 
described proteins with significant primary sequence 
homology to members of the IR superfamily, nerve 
growth factor I-B (NGFI-B) 33 34 and steroidogenic fac- 
tor- 1 (SF-1) 35 also bind to half-sites as monomers. In 
each case, the HRE is an extended estrogen response 
element with extra 5' nucleotides. Although not clearly 
understood, the selection of the DNA-binding mode 
appears to be determined by response element type, 
promoter context, and relative levels of the pertinent 
IRs. 

Intracellular Receptor Structure 

The cloning and sequencing of cDNAs for the IRs and 
comparison of their deduced amino acid sequences show 
that the superfamily members are modular in struc- 
ture. 2,36 Sequence data and functional analysis show 
the IRs to consist of six discrete subdomains, A— F 
(Figure 3). Three of these domains have been described 
in detail: (i) the DNA-binding domain, which is highly 
conserved and provides specific binding to the HRE, (ii) 
the ligand-binding domain located C-terminal to the 
DNA-binding domain, which provides a hydrophobic 
pocket for the binding of the ligand but also contains a 
number of other functionally important regions, and (iii) 
the C- and N-terminal transactivation domains, which 
are more variable in sequence. 

I. DNA-Binding Domain. The DNA-binding do- 
main, which is usually centrally located in the primary 
sequence of an IR, is composed of 68 amino acid 
residues. Of those 68 amino acids, 20 are invariant and 
determine the generalized DNA-binding structure. 37 
Confirmation that this region is the DNA-binding 
domain was obtained using XFACS, 38 2D NMR, 39 40 and 
X-ray crystallography. 41 The DNA-binding domain is 
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Figure 3. The domain structure of the intracellular receptors. 
The DNA-binding domain (DBD) corresponds to the C region 
and the Hgand-binding domain (LBD) corresponds to the E 
region. These critical domains are restricted to denned 
segments of the protein. However, the segments of the 
receptor responsible for transactivation, nuclear translocation, 
and dimerization are not restricted to single defined domains, 
but are found in multiple regions of the receptor. The region 
marked D is a short region known as the hinge region that 
connects the DBD and the LBD and has functional activity as 
shown in the figure. The DBD contains nine cysteine residues 
enabling the coordination of two zinc ions and the formation 
of two zinc fingers. The first zinc finger contains the P box 
responsible for the sequence specificity of the IR; the second 
zinc finger of the DBD contains the D box, which discriminates 
between similar response element sequences with different 
spacing between the half-sites of the response element. 

highly basic and contains nine cysteine amino acid 
residues. The presence of the cysteine residues enables 
the coordination of two zinc ions and the formation of 
two "zinc fingers". Selection of the specific HRE to 
which the receptor binds is determined by the three 
amino acids at the base of the first finger. 16 Mutational 
analysis of the estrogen receptor showed that conversion 
of these three amino acid residues to the corresponding 
residues from the glucocorticoid receptor results in a 
mutant estrogen receptor that binds the glucocorticoid 
response element. 42 The finger segment encompassing 
these residues, responsible for sequence specificity or 
selectivity of DNA binding, is termed the Proximal or 
P box. 43 - 44 The sequence spanning cysteine residues 5 
and 6, in the second zinc finger, is responsible for 
discriminating between response elements with similar 
sequences but different half-site spacing. This sequence 
of five amino acid residues is called the Distal or D box. 45 
For example, the D box in the RXR recognizes a one 
nucleotide spacing between the response element half- 
sites (5'-AGGTCA n AGGTCA-3'), while the RAR D box 
recognizes half-sites with five spacing nucleotides (5'- 
AGGTCA nnnnn AGGTCA-3'). 

II. Ligand Binding Domain. The C-terminal or 
E region of the IRs is approximately 25 kDa and 
contains the ligand-binding domain (LBD), which de- 
termines the ligand-binding specificity of each recep- 
tor. 2 * 38 Proteolytic mapping of the receptor indicated 
that a portion of the D region is necessary for binding 
of ligand with maximal affinity. 12 The hormonal ligands 
generally bind to their cognate IRs with affinity con- 
stants (J£d values) on the order of 1 nM. Upon binding 
hormone, the receptor is thought to undergo a major 
conformational change that results in its activation. 12 
The crystal structure of the RXRa ligand binding 
domain has been reported. 46 However, since the crystal 
structure was determined in the: absence of a ligand, 
the conformational changes induced by hormone binding 
have not yet been clearly defined; The ligand-binding 
domain additionally contains regions allowing (i) the 
dimerization of the receptor monomers, 45,47,48 (ii) the 
interaction of selected IRs with heat shock proteins, 8 
(iii) nuclear translocation signals, 49 and (iv) one of 



Perspective 

several transcriptional transactivation domains of the 
receptor. The dimerization 50 and nuclear transloca- 
tion 51 signals that have been mapped to the ligand 
binding domain are dependent upon the binding of 
hormone for their action. Nuclear translocation and 
dimerization signals are also present in the DNA- 
binding domain, but their action is hormone indepen- 
dent. Analysis of the region of the ligand binding 
domain that contains the dimerization signal has re- 
vealed a heptad repeat of hydrophobic residues that are 
highly conserved within the IR superfamily. This 
observation suggests that the nuclear hormone receptors 
dixnerize via a leucine-zipper type mechanism. 52 

III. Transactivation Domains. Transactivation 
domains are located in both the N-terminal and C- 
terminal regions of the receptors. Transactivation 
achieved with the DNA-binding domain alone repre- 
sents a small portion of the total activity of the receptor. 
Deletion of the E regions of GR and ER, however, 
abolishes both hormone-binding and transactivation 
functions of the receptors. Since nuclear localization is 
a prerequisite for transactivation, it is difficult to assess 
the influence of the E region independent of its nuclear 
translocation function. In addition, at least in the case 
of the estrogen receptor, transactivation has been shown 
to be dependent upon the binding of hormone. 33 The 
situation is further complicated by the possibility that 
dimerization of the receptor may be necessary for 
efficient transactivation. However, careful mutational 
analysis, together with experiments involving chimeric 
genes, has enabled identification of specific regions that 
contain the transactivation functions for a number of 
the IRs. The transactivation domains, located N- 
terminal and C-terminal to the DNA-binding domain, 
have been termed transactivation unit 1 and 2, respec- 
tively (Tau 1 and Tau 2), in GR, 64 transactivation 
function 1 and 2 (TAF-1 and TAF-2) in ER, 56 and 
activation function 1 and 2 (AF-1 and AF-2) in PR. 56 
The Tau 1, TAF-1, and AF-1 activation domains are 
located within the region marked A/B in Figure 3; the 
second activation domain of these receptors can gener- 
ally be found in the LBD. The retinoid receptors, RARs 
and RXRs, have also been reported to have two domains 
responsible for transactivation, one each in the N- 
terminal and C-terminal regions. 57 

Application of Intracellular Receptor 
Technology 

Elucidation of the mechanism of IR-mediated tran- 
scriptional activation has enabled the development of 
high-throughput assays to detect novel small molecules 
that act as agonists, antagonists, or partial agonists of 
the IRs. 58 These assays can reveal the consequences of 
the interaction of any compound with any IR, using the 
cloned human IR cDNAs. These assays, termed cotrans- 
fection assays, are capable of detecting the functional 
effects on gene expression of small molecules that 
interact with specific IRs in mammalian cells. As shown 
in Figure 4, a gene for an IR that is a potential drug 
target is introduced by transfection (a procedure to 
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Figure 4. The co transfection assay. Two plasmids are 
cotransfected into the appropriate cell background. One 
plasmid constitutively expresses an intracellular receptor. In 
the presence of ligand, the receptor acts in trans to bind to its 
HRE (the cis element) and activate transcription of the 
downstream reporter gene. The reporter is generally an easily 
detected enzyme such as chloramphenicol acetyl transferase 
(CAT) or luciferase. 

induce cells to take up foreign DNA) into a mammalian 
cell lacking endogenous IRs of the type being studied. 
The introduced receptor cDNA directs the recipient cells 
to synthesize the receptor proteuv A second gene under 
the transcriptional control of the appropriate HRE is 
also introduced by transfection (i.e., cotransfected) into 
the same cells together with the IR gene. The protein 
product of this second gene functions as a reporter for 
the transcription-modulating activity of the receptor 
protein at its HRE. Thus, the reporter acts as a 
surrogate for the products normally expressed by genes 
under the control of the target receptor and its natural 
hormone. The reporter gene is chosen to encode a 
protein product that can be readily detected and quanti- 
fied. Enzymes are useful reporters because they can 
often be assayed easily and, under the appropriate assay 
conditions, the rate of the reaction they catalyze directly 
reflects the amount of enzyme present. Firefly lu- 
ciferase is an example of a frequently used reporter. The 
promoter that controls expression of the luciferase 
cDNA in the reporter plasmid is constructed to contain 
the appropriate HRE so that expression is under 
hormonal control at the level of transcription. 

The cotransfection assay can be used to detect ago- 
nists for the target IR. A day after exposure to an 
appropriate agonist ligand in the medium bathing the 
transfected cells, an increase in reporter activity can be 
measured in cell extracts, reflecting ligand-dependent, 
IR-mediated increases in reporter gene transcription. 

The cotransfection assay can also be used to detected 
the activity of small molecules that antagonize the 
activity of an agonist ligand for any IR. To detect 
antagonists the assay is carried out in the presence of 
a constant concentration of a known agonist sufficient 
to induce a constant reporter signal. Cells incubated 
in the presence of increasing concentrations of an 
antagonist will display progressive decreases in reporter 
signal. The cotransfection assay is therefore useful to 
detect both agonists and antagonists of specific IRs. 

Current Therapeutics 

Hormone-based therapies have been part of clinical 
medicine for over a century. Initially, extracts of 
endocrine glands were used as replacement therapies 
to supplement patients with glandular deficiencies. 
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Subsequently, the hormones themselves, purified from 
such extracts, were administered for similar uses. As 
the structures of the hormones were determined, chemi- 
cally-synthesized versions replaced many of the naturally- 
derived hormone drugs. Subsequently, chemical ana- 
logues of these were synthesized and tested in animals 
to find compounds with improved therapeutic profiles 
relative to those of the hormones. Hormone agonists 
in clinical use include estrogens, anti-inflammatory 
glucocorticoids such as cortisone and dexamethasone, 
thyroxine, vitamin D3 (a precursor to calcitriol), various 
progestins, and estrogens used in oral contraception, 
and vitamin A metabolites. 

The sex steroids drive the growth and function of the 
tissues of the reproductive tract and breasts. Malig- 
nancies arising in these organs, such as breast or 
prostate cancer, derive from normal tissue and often are 
dependent on sex steroids to maintain growth. Initially, 
these cancers were treated by surgical ablation of the 
endocrine glands involved in the secretion of the sex 
steroids. The surgical removal of the glands that 
produce an "unwanted" hormone is drastic and far from 
satisfactory. It was therefore a great advance when 
hormone antagonist drugs first became available. These 
hormone antagonists were developed, as were the early 
hormone agonists, by a laborious process of chemical 
synthesis of drug candidates and testing in animals. 
Steroid hormone antagonists with clinical utility include 
the anti-estrogen tamoxifen, the anti-progestin mife- 
pristone (RU486), and the anti-androgens flutamide and 
cyproterone acetate. Other clinically useful hormone 
antagonists include the an ti- mineral ocorticoid spirono- 
lactone. 

Identification of Targets for the Discovery of 
Novel Drugs 

The number of diseases that are associated with 
inappropriate production of or response to hormonal 
stimuli highlights the medical and biological importance 
of these effectors. The recent advances in our under- 
standing of the molecular basis for the action of IBs offer 
the opportunity to improve many of the existing IR- 
modulating drugs. Despite the clinical utility of cur- 
rently available hormone agonists and antagonists, 
many of the compounds are limited by their side-effect 
profiles. Delineation of the mechanism of a specific 
biological response enables the identification of small 
molecules that retain the efficacy of the IR-modulating 
drug, but have significantly unproved side-effect pro- 
files. Development of compounds more selective for the 
target IR and, thus, in the function(s) that they elicit 
are discussed in section I, below. 

The discovery of receptor isoforms for a variety of 
receptor systems has already led to the development of 
more specific and improved drugs. These include the 
cardioselective ^-adrenergic blockers and the receptor 
subtype selective antihistamines. For certain non- 
protein hormones, identification of intracellular receptor 
subtypes, many of which are expressed in a tissue 
specific manner, not only implies a specific physiological 
role for each subtype but may offer better defined 
pharmacological effects and thus potential for develop- 
ment of highly selective drugs. The utility of this 
approach for drug discovery is detailed in section II, 
below. 
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Another recent finding, offering additional potential 
for the discovery of new drugs, is the identification of 
several dozen "orphan" members of the IR superfamily. 
In most cases, ligands that activate these so-called 
orphan receptors have yet to be identified. These IRs 
may represent as yet uncharacterized signal transduc- 
tion pathways for novel endocrine and paracrine sys- 
tems or may include subtypes of IRs for known ligands. 
In either case the orphan IRs, discussed in section III, 
below, are of great interest for discovery of more 
selective and efficacious small molecule drugs. 

I. Tissue-Selective Intracellular Receptor Acti- 
vators. Progesterone is produced in the ovaries, testes, 
adrenal cortex, and placenta. Along with estrogens, 
progesterone is critical in preparing the female repro- 
ductive tract for reception of sperm and implantation 
of a fertilized ovum. Progestins and estrogens cause 
growth and development of the reproductive tract and 
breasts. Progesterone is responsible for the body tem- 
perature rise upon ovulation and is also critical for the 
maintenance of pregnancy. 

Therapeutic uses for progestins may include contra- 
ception (in combination with estrogens) and control of 
dysfunctional uterine bleeding, dysmenorrhea (in com- 
bination with an estrogen), endometriosis, and threat- 
ened spontaneous abortion. The traditional steroidal 
agonists of the progesterone receptor (eg., norgestrel 
and norethindrone) were synthesized over 25 years ago 
and exhibit antiestrogenic activity along with varying 
degrees of cross reactivity with AR and GR. 59 While 
some cross reactivity with other receptors may occasion- 
ally be desirable, 60 opportunities now exist to prepare 
selective, easily synthesized progesterone receptor ago- 
nists and antagonists. Two functionally different ap- 
proaches by which this may be achieved will now be 
discussed. 

The recent discovery that the human progesterone 
receptor (hPR) exists in two forms, hPR-A (94 kDa) and 
hPR-B (120 kDa), opens one avenue for drug discovery. 
These receptors differ by 164 amino acids, which are 
present in the N-terminal region of hPR-B but absent 
from hPR-A. The two receptors have identical DNA and 
ligand binding domains and may 61 or may not 62 be 
present in equimolar concentrations in tissues. Hetero- 
and homodimers of hPR-A and hPR-B form upon ligand 
activation. Recent data suggest that the cellular path- 
ways used by hPR-A and hPR-B are distinct. 63 The 
hPR-A has been demonstrated to inhibit the transcrip- 
tional activity of the glucocorticoid, 64 estrogen, 64 andro- 
gen, and mineralocorticoid 66 receptors in a cell- and 
promoter-specific manner. These properties may facili- 
tate the identification of more selective compounds or 
compounds with cross reactivity by allowing in vitro 
analysis of progestin action. For example, hPR-A inhibi- 
tion of ER may be a mechanism through which the anti- 
estrogenic properties of progestins are produced. These 
observations, if they apply in vivo, set the stage for 
discovering a new generation of bPR modulators. 

Anti-progestins are currently used acutely as aborti- 
facients. Other possible therapeutic uses may include 
cervical ripening and treatments for endometriosis, 
uterine fibroids, meningioma, and breast cancer. The 
anti-progestins are predominantly ll^-aryl-19-nor ste- 
roids 67 , (e^., mifepristone, onapristone and Org 31806, 
Figure 5). 68-70 Cross reactivity with the androgen, 
glucocorticoid, and estrogen receptors is a feature of 
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Figure 6. Progesterone -receptor agonists and antagonists. 
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Figure 6. Estrogen receptor modulators. 

current anti-progestins, which potentially limits their 
tolerability for chronic administration. Mifepristone 88 
is a potent anti-progestin, anti-glucocorticold, and anti- 
androgen that also exhibits anti- estrogenic behavior. 
These cross reactivities, while of little consequence for 
acute uses, may be detrimental in chronic therapy. 

Substantial progress has been made to prepare more 
selective 110-aryl steroidal anti-progestins; however, 
these compounds are difficult to synthesize. 67 Further- 
more, some evidence suggests that there are two classes 
of anti-progestins among the 11^-aryl steroids 71 that can 
be differentiated by the affinity of the ligand -bound 
dimerized receptor complex for DNA. Mifepristone and 
its analogues induce a dimerized receptor conformation 
with high affinity for DNA, while onapristone induces 
a conformation with low affinity for DNA. The clinical 
relevance of this mechanistic difference remains to be 
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elucidated. Structurally, mifepristone and onapristone 
differ in stereochemistry at Cis, with onapristone being 
inverted from the usual steroid nucleus (Figure 5). 

Estrogens are produced primarily in the ovaries and 
are responsible for stimulation of development of female 
sex organs, mammary glands, and various secondary 
sexual characteristics. Therapeutic uses of estrogen 
agonists include oral contraception (in combination with 
progestins), hormone replacement therapy in postmeno- 
pausal women, and treatment for dysmenorrhea, dys- 
functional uterine bleeding, acne, hirsutism, failure of 
ovarian development, coronary artery disease, osteoporo- 
sis, and prostate cancers. 

Steroidal estrogens (e^., 17/J-estradiol, estrone, Figure 
6) have a characteristic phenolic A ring. Natural 
estrogens are deactivated in the liver; however, an 
a-substituent at C17 interrupts this metabolism (see 
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ethinyl estradiol). Several non-steroidal estrogens exist 
including flavinoids and di- and triphenylethylenes (eg., 
diethylstilbestrol). 

Currently identified anti-estrogens and partial estro- 
gen agonists are predominantly triphenylethylenes. 
These include tamoxifen, 72 chlomiphene, keoxifene, and 
1 (Figure 6). 73 Steroidal anti-estrogens have been pre- 
pared and contain a long side chain at C7 (eg. y ICI 
164,384 and ICI 182,780) 74 Breast cancer is the current 
predominant therapeutic use for estrogen antagonists. 
Recent molecular insights into the transcriptional trans- 
activating functions of estrogen receptor and other 
steroid receptors have opened new avenues for drug 
discovery, making possible the identification of com- 
pounds that demonstrate selectivity for a desired bio- 
logical response. 

The estrogen receptor has two distinct regions that 
confer transact! vation of transcription: TAF-1 and TAF- 
2. Mutant forms of human ER (hER) have been con- 
structed in which either TAF-1 or TAF-2 is genetically 
"excised". Cotransfection into mammalian cells of TAF- 
deleted hER genes or wild-type hER cDNAs, together 
with a plasmid containing an estrogen-responsive re- 
porter gene such as luciferase cDNA, allows the rigorous 
analysis of the role played by TAF-1 and TAF-2 in the 
activation of transcription of various target genes by the 
ER. Using this cotransfection assay, it is possible to 
dissect the influences on ER-driven transcription of (i) 
cell background, (ii) promoter context, and (iii) activat- 
ing ligand (various hER agonists, antagonists, and 
partial agonists). 

When a particular ligand (eg., estradiol, tamoxifen, 
or ICI 164,384) interacts with the ER, it induces (or 
stabilizes) a particular conformation of the receptor. Full 
agonists, such as 17/?-estradiol, induce a "fully active" 
conformation, in which both TAF-1 and TAF-2 are 
"exposed" and active. Full antagonists, such as ICI 
164,384, appear to bind to ER (competitively with 
estradiol) and expose neither TAF-1 nor TAF-2. Partial 
agonists drive the ER into conformations "intermediate" 
between the fully active and fully inactive conformations 
driven by estradiol and ICI 164,384, respectively. 

Interestingly, not all partial agonists drive the recep- 
tor into the same conformation. Tamoxifen appears to 
induce "exposure" of TAF-1 but not of TAF-2. Tamox- 
ifen therefore functions as an agonist for TAF-l-depend- 
ent functions and as an antagonist for TAF-2-dependent 
functions. The former appears to underlie its estrogen- 
mimetic pharmacological effects in uterine tissue, 76 and 
the latter appears to account for its estrogen-blocking 
effects in breast cancer. Other compounds drive equally 
reproducible, partially-activating conformations of the 
ER, differing from that driven by tamoxifen. With the 
appropriate partial agonists for the ER, therefore, it is 
possible to achieve transcriptional enhancement of only 
a subset of estrogen-responsive genes. Compounds with 
a subset of estrogen's full spectrum of activities can be 
identified using assays based upon these principles. 

Once exposed as a consequence of a ligand-induced 
conformational change in the ER, TAF-1 and TAF-2 can 
each independently enhance transcription of some es- 
trogen-responsible genes, presumably by interacting 
with specific intracellular partner proteins. The recent 
identification of a 160 kDa estrogen receptor-associated 
protein (ERAP160) 76 lends further credence to this 
model. ERAP160 binds to ER through interactions 
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Figure 7. Androgen receptor agonists and antagonists. 

involving TAF-2 in an estradiol-dependent manner. The 
binding of anti-estrogens to the receptor blocks the 
binding of ERAP160. It has been suggested that 
ERAP160 mediates trans activation of ER and that the 
ability of anti-estrogens to block ER-ERAP160 complex 
formation may account for their therapeutic effects in 
breast cancer. Although the identities of other postu- 
lated partner proteins remain unknown, indirect evi- 
dence indicates that their expression varies from cell 
type to cell type. The identification of these postulated 
partner proteins will provide yet another attractive 
target for the development of highly selective small- 
molecule drugs. 

Emerging evidence supports the utility of an approach 
similar to that taken with ER and PR for the develop- 
ment of tissue-selective partial agonists for other recep- 
tors including PR, AR, MR, GR, and VDR. 

Androgens are synthesized in the testes, adrenal 
cortex, and ovaries. The net effect of endogenous 
androgens reflects the combined actions of the secreted 
hormone, testosterone (Figure 7); its 5a-reduced me- 
tabolite, dihydrotestosterone; and its estrogenic deriva- 
tive, estradiol. Androgens serve different functions at 
different stages of male development and have clear 
therapeutic uses in the treatment of hypogonadism, 
growth retardation, breast carcinoma, and osteoporosis. 
The actions of androgens are mediated through AR. 21 ' 23 
Compounds that block the action or synthesis of andro- 
gens have proven useful in treatment of diseases such 
as prostate cancer, prostatic hypertrophy, hirutism, 
male pattern baldness, and acne. Among the most 
potent orally active anti-androgens (Figure 7) is cypro- 
terone acetate. This compound possesses progestational 
activity and suppresses the secretion of gonadotropins, 
both of which are unwanted side effects. Other anti- 
androgens include ftutaroide, a prodrug for the active 
metabolite, 2-hydroxyflutamide, 77 casodex, 78 and an 
analogue of nilutamide. 79 

Glucocorticoids and mineral ocorticoids are steroid 
hormones produced by the adrenal cortex. Glucocorti- 
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Figure 8. Glucocorticoid receptor agonists. 
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Figure 9. Mineralocorticoid receptor modulators. 
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Figure 10. Vitamin D receptor agonists. 



coids influence almost every organ and tissue in the 
body, affecting responses as diverse as behavior, im- 
mune function, and carbohydrate metabolism. Cortisol 
is the most potent naturally occurring glucocorticoid and 
stimulates or inhibits various biological functions. Syn- 
thetic glucocorticoid agonists can be divided into two 
groups: (i) 4-pregnene or 4-androstenc derivatives and 
(ii) derivatives of Cortisol or dexamethasone (Figure 8), 
It is not surprising, when the many actions of the 
glucocorticoids are considered, that these compounds 
actually have mixed agonist— antagonist activities when 
examined in vivo. 

Mineralocorticoids (Figure 9) such as aldosterone 
regulate electrolyte balance in the kidneys, salivary 
glands, sweat glands, and gastrointestinal tract. Al- 
dosterone acts by altering the ATP-dependent mem- 
brane transport of sodium and potassium ions. The 
action of aldosterone is inhibited by spironolactone and 
progesterone. Both act as competitive inhibitors of 
aldosterone by forming ligand- receptor complexes that 
are inactive. 

A vitamin D 3 precursor is photochemicaUy synthe- 
sized in the skin from 7-dehydrocholesterol and then 
undergoes a hydrogen shift to become vitamin D3. As 
with hormones secreted by endocrine glands, this prod- 
uct is transported in the blood to distal sites where it is 
metabolized to the hormonally active form, calcitriol 
(la,25-dihydroxyvitamin D 3 , Figure 10), which then 
affects target tissues through interaction with the VDR, 
eventually resulting in increased plasma calcium con- 
centrations. The conversion of vitamin D3 to calcitriol 
occurring in the kidney is regulated by a negative- 
feedback control involving free calcium concentrations 
in the plasma. 
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The role of calcitriol in controlling the expression of 
a broad spectrum of genes is becoming increasingly 
evident. In addition to its active role in calcium 
homeostasis, calcitriol regulates genes associated with 
cell growth and tissue-specific structure. It is also 
responsible for maintaining the precise control of the 
concentration of calcium and phosphate ions in the 
plasma by modulating their absorption from the small 
intestine, enhancing their mobilization from bone and 
altering their excretion via the kidney. A growing body 
of evidence indicates that calcitriol also plays a role in 
the control of proliferation and differentiation of several 
cell types including epidermal keratinocytes. This effect 
of VDR agonists on skin has been utilized clinically in 
the treatment of psoriasis. Vitamin D analogues are 
also capable of causing differentiation of malignant cells, 
driving interest in VDR agonists in the treatment of 
leukemias and breast cancer. 

All of the genomic effects of calcitriol are mediated 
by the VDR, which has been characterized biochemically 
from a number of tissues derived from many different 
animal species. There is evidence that certain rapid 
effects of vitamin D may reflect direct non-VDR-medi- 
ated actions at the plasma membrane. One compound 
that displays tissue-selective VDR agonist action is MC 
903 (Figure IO), 80 which mimics the effects of vitamin 
D3 on skin without increasing plasma calcium concen- 
trations. It is not presently clear to what extent the 
tissue-selective actions of compounds such as MC 903 
reflect intrinsic pharmacodynamics or pharmacokinetics 
or differential drug distribution. There is potential for 
other such tissue- specific vitamin Da partial mimics in 
the treatment of various skin diseases and cancers. 

n. Intracellular Receptor Subtype Selective 
Compounds. Vitamin A (retinol) is derived exclusively 
from the diet as preformed retinol, retinyl esters, or 
carotenoids (provitamin A) and is stored primarily in 
liver as retinyl esters. Lake vitamin D3, retinol is 
transformed in the body to a variety of active metabo- 
lites that play important roles in several diverse cellular 
processes, including embryonic development, vision, 
reproduction, bone formation, hematopoiesis, metabo- 
lism, cellular differentiation, cellular proliferation, and 
programmed cell death. 81 

Retinal (vitamin A aldehyde) is required for retinal 
function. Other vitamin A derivatives, including all- 
trarts-retinoic acid (ATRA or vitamin A acid), play an 
essential role in growth and differentiation of epithelial 
tissue and are necessary for reproduction, embryonic 
development, and bone growth. These actions of ATRA 
and related retinoic acid isomers (i.e., 9-cis-RA, dis- 
cussed below) are mediated by RA IRs, which regulate 
gene expression. 82 

The profound effect s of retinol metabolites on cellular 
differentiation and proliferation have spurred the syn- 
thesis of thousands of RA analogues (retinoids) with 
potential use in a variety of skin disorders and malig- 
nant disease. Presently, the naturally occurring retin- 
oids (Figure 11) ATRA (an active hormone) and 13-cis- 
RA (most likely acting by giving rise to ATRA and 
possibly 9-cw-Ra) are used for the treatment of severe 
acne, while synthetic etretinate is prescribed for severe, 
refractory psoriasis. More recently, ATRA and 13-cw- 
RA have shown promise in the control of cancers or 
precancers such as acute promyelocytic leukemia, 83 head 
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and neck cancer, 84 and cervical dysplasia, 86 either as 
single agents or in combination with other agents such 
as interferon ou Other synthetic retinoids are in various 
stages of development for treatment of cancer and skin 
diseases, including iV-<4-hydroxyphenyl)retinamide (4- 
HPR), which is in phase II trials as a chemopreventive 
agent in breast cancer treatment. 66 Retinamide is likely 
a prodrug for ATRA. 

Unfortunately, widespread clinical use of the cur- 
rently available retinoids is limited by undesirable side 
effects. These include mucocutaneous irritation, eleva- 
tions in plasma triglycerides, headache, bone toxicity, 
and teratogenicity. The many diverse actions of retin- 
oids, both desirable and undesirable, arise through 
activation of multiple retinoid receptor subtypes; thus 
retinoids with receptor subtype selectivity may have 
improved therapeutic indices. 

To date six ER subtypes (or isoforms) that can be 
activated by ATRA in cells have been identified. 82 Each 
receptor is encoded by a separate gene. Three of these, 
RARa, RArV?, and RARy , are close genetic homologues. 
ATRA binds directly to each of the RARs, leading to 
activation of the RARs as transcription factors. The 
remaining three IRs responsive in cell culture to ATRA 
are members of the retinoid X receptor subfamily and 
are designated RXRa, RXR£, and RXRy. The RXRa are 
close genetic homologues of each other, but are less 



closely related to the RARs. Although the RXRs can 
be activated by ATRA in living cells, ATRA does not 
bind to the RXRs directly. ATRA activates RXRs 
indirectly upon conversion to 9-cis RA, the endogenous 
ligand for the RXRs, which binds to and activates both 
RXRs and RARs. 87 The pharmacological effects of 9-cis- 
RA, the first novel non-peptidyl hormone described since 
vitamin D3 was discovered in 1968, imply possible utility 
in the treatment of cancer and skin diseases. Chemi- 
cally synthesized 9-cw-RA (LGD1057) is currently in 
clinical trials in oral and topical formulations for cancer 
indications. 

In addition to endogenous retinoids such as ATRA, 
9-cis -retinoic acid and 13-cis-RA, synthetic, non-natural 
retinoids with novel retinoid receptor subtype selectivity 
are emerging as potentially exciting drugs. Investiga- 
tors have used receptor binding and cotransfection 
assays to characterize known synthetic retinoids and 
newer analogues (Figure 12). Highly potent retinoids 
such as TTNPB and TTAB selectively activate the RAR 
subfamily but do not effectively distinguish among the 
isoforms. 88 Both AM-80 and A M-58 0 display selectivity 
for the RARa isoform, 89 while TTNN is representative 
of compounds selective for the RAR/? and RAR/ sub- 
types. 88,89 Phase III clinical trials for topical treatment 
of acne and psoriasis have been completed using AGN 
190,168, a novel RAR/?- and RARy-selective compound. 90 
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Figure IS. RAR antagonists. 

CD 1530 is representative of structures reported to 
selectively activate the RARy subtype. 91 

Within the past 2 years, novel classes of RXR-selective 
retinoids have also been described. Both SRI 1217 and 
SRI 1237 display activation profiles for RXRa similar 
to that of 9-cis-RA at 100 nM. 92 Neither compound 
activates RAR subtypes. Recently, a potent series of 
RXR-selective retinoids was developed by capitalizing 
on the observation that incorporation of a methyl 
substituent at the 3-position of the tetrahydronaphtha- 
lene moiety of TTNPB results in a retinoid with modest 
activity at all RAR and RXR subtypes. 93 A potent 
member of this new class, LGD1069, represents the first 
RXR-selective synthetic retinoid to enter clinical trials 
for the treatment of cancer. 

Several RAR-selective antagonists have also recently 
been described. A series of sulfone derivatives related 
to Ro 41-5253 exhibits selectivity for the RARa subtype 
(Figure IS). 94 Ro 41-5253 was shown to antagonize the 
teratogenic effects of the RARa-selective agonist AM- 
580 in rat limb bud cell cultures and in mice. Additional 
RAR antagonists include TD550, TD650, BIPh, and 
BIBn, which inhibit retinoid-induced differentiation of 
human promyelocytic leukemia HL60 cells. 95 96 As yet, 
no RXR-selective antagonists have been reported. 

Data now emerging support separable biological roles 
for the various RAR and RXR subfamilies and indi- 
vidual subtypes in the control of cell proliferation, 
differentiation, and programmed cell death (apoptosis). 
RAR-selective compounds are sufficient to stimulate 
replication of human cytomegalovirus (hCMV) and 
induce the differentiation of an embryonal cell line that 
supports the growth of hCMV. 97 Further analysis of the 
pharmacological actions of the retinoids and identifica- 
tion of more selective analogues, in conjunction with 
studies using molecular and cellular biological ap- 
proaches, are driving elucidation of the biological roles 
of the retinoid receptor subtypes and the delineation of 
the potential therapeutical uses of receptor subtype 
selective retinoids. Additional synthetic retinoids with 
useful patterns of selective interaction with the RAR 
and RXR subtypes hold great promise as pharmacologi- 
cal tools for biological investigations and as novel 
pharmaceuticals. 
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Figure 14. Thyroid hormones. 

The thyroid gland is the source of two different 
thyroid hormones. Thyroxine (T 4 ) and triiodothyronine 
(T3) 98 (Figure 14) are essential for normal growth and 
development and play an important role in controlling 
energy metabolism. Changes in the cardiovascular 
system are prominent consequences of the action of 
thyroid hormones. Stimulation of cholesterol metabo- 
lism to bile acids and lower plasma cholesterol levels 
result from elevated levels of thyroid hormones. A great 
many structural analogues of thyroxine have been 
synthesized in order to define structure -activity rela- 
tionships, detect antagonists of thyroid hormones, or 
find compounds exhibiting desirable activity with re- 
duced unwanted side effects. 

Three TR subtypes, TRal, TRa2, and TR01, have 
been identified in human tissues. 99 A fourth receptor 
subtype, TR02, was subsequently isolated from the 
rat 100 and has been identified in human tissues. 101 The 
expression of the different TR subtypes is regulated both 
transcriptionally and post-transcriptionally. Each mes- 
senger RNA encoding a TR subtype shows characteristic 
patterns of developmental, tissue-specific, and hormonal 
regulation. The complexity of the TRs and their differ- 
ing patterns of expression suggest that some of the 
myriad actions of thyroid hormone are mediated by 
specific TR subtypes. Such specific physiological roles 
of TR subtypes would imply better defined pharmaco- 
logical effects for thyroid hormone agonists with TR 
subtype selectivity. 

For other hormones of medical importance, including 
glucocorticoids and estrogens, receptor subtypes have 
not yet been identified, although in some senses MR can 
be thought of as a GR subtype at sites outside the 
kidney. Among the many orphan receptors (see below) 
and novel IRs that continue to be identified, currently 
unrecognized IR subtypes for known hormones may 
await identification. 

III. Orphan Receptors. The ongoing discovery of 
orphan IRs continues to expand the list of superfamily 
members. The various orphan receptors are likely to 
play important functional roles, since (i) their sequences 
are highly conserved in mammals and even between 
phyla, (ii) they often have restricted spatial and tem- 
poral patterns of expression, (hi) transgenic animals in 
which various orphan receptors have been "knocked out" 
show functional impairment or lethality, and (iv) at least 
some of the orphan IRs can be implicated in the control 
of specific promoters (for example, hepatic nuclear 
factor-4 [HNF-4]). For the most part, the functional 
roles of these orphan IRs in vivo remain unknown. It 
is likely that some of these orphan receptors represent 
the signal-transducing receptors for currently unchar- 
acterized endocrine, paracrine, orintracrine hormonal 
regulatory systems. Other orphans IRs may represent 
subtypes of receptors for known ligands. Thus the KXRs 
(originally considered orphans) bind and are activated 
by 9-cis-RA. 87 
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The restricted tissue distribution of some orphan IRs 
and the responses of these orphan receptors to known 
pharmacophores invite speculation about their possible 
functions. For example, orphan IRs, including chicken 
ovalbumin upstream promoter transcription factor 
(COUP-TF), 102 COUP-TF0, 103 and HNF-4, 104 and the 
three peroxisome proliferator activated receptor (PPAR) 
subtypes (PPARa, PPAR0 or NUC1, PPARy), 105 appear 
to be involved in the control of lipid, cholesterol, or 
lipoprotein metabolism, rendering them interesting 
from a pharmaceutical perspective. Known xenobiotics 
and drugs, such as the flbrate antihyperlipidemics, 
which induce peroxisome proliferation, appear to act 
through PPARs. Other orphan receptors, eg., nerve 
growth factor induced-B (NGFI-B) 106 107 and the related 
Nur77 are expressed after cellular exposure to NGF or 
other growth factors and appear to influence cellular 
susceptibility to apoptosis. Although their function 
remains to be elucidated, the thyroid-related (TR2) 
orphan IR 101 and its splice variants are expressed in a 
pattern essentially limited to the tissues of the geni- 
tourinary tract. Orphan IRs and other members of the 
superfamily also exhibit overlapping tissue and devel- 
opmental distribution together with overlapping speci- 
ficity for response elements within target genes. In 
these instances expression of target genes in a given 
tissue mauy be determined by interaction between 
members of the superfamily receptor complement present 
in that tissue. 

Additional complexity is added with the identification 
of a growing number of IR subfamily members, as 
exemplified by the retinoid receptor family. The RXR 
subfamily was the first retinoid-related subfamily to be 
identified. Members of this subfamily form heterodimers 
not only with the retinoid-related RARs, but also with 
other hormone-activated and orphan IRs including 
VDR, TR, and PPARs. Recently, the RAR-related 
orphan receptors (RORs) 108 and retinoid Z-related re- 
ceptors (RZRs) 109 were identified. The RORs share 
common DNA- and putative ligand-binding domains, 
but differ in the N-terminal domains that are generated 
by alternative RNA splicing. Different members of this 
subfamily show different binding affinity for the RAR- 
related orphan response element (RORE) and, as a 
result, are able to mediate both constitutive and low- 
level transcription activation of target genes. RZRa and 
although sharing a high degree of homology, have a 
different tissue distribution, with expression of RZR£ 
confined to brain tissue. The RZKs bind as monomers 
to natural and artificial retinoic acid response elements 
containing hexameric half-sites and are also able to form 
homodimers on selected response elements. 

Lastly, there are orphan IRs that appear to be 
constitutively active in the absence of added ligands. 
These receptors may actually be responding to "intra- 
crine" small-molecule ligands such as metabolic inter- 
mediates, eg., certain fatty acids to which PPARs 
respond. It is not necessarily the case that all orphan 
IRs have activating endogenous ligands. For example 
receptors such as COUP-TF and PR (in some species) 
can be activated by phosphorylation of appropriate 
residues by protein kinase A; 110 the physiological and 
pharmacological relevance of such phosphorylation in 
modulation of IR activity remains to be definitively 
established. In any event the orphan IRs potentially 
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are novel targets for pharmaceutical intervention. The 
actualization of the potential inherent in the orphan IRs 
is a major challenge in IR-related drug discovery. 

STATs and Drug Discovery. In addition to the 
steroid and small molecule hormones that control gene 
expression through interactions with IRs, there are 
peptide and protein ligands in the systemic circulation 
that produce alterations in gene expression in their 
target cells to which they bind. Included in this class 
of proteins are the cytokines {eg., the interferons and 
interleukins) and growth factors (eg., epidermal growth 
factor). The modulatory proteins are collectively termed 
extracellular signaling proteins (ESPs). 4 ESPs cannot 
readily enter cells; they act by binding at the cell surface 
to specific receptors that span the cell membrane. Thus 
they can indirectly initiate a chain of events (character- 
ized only recently for a growing number of ESPs) that 
culminate in changes in the pattern of cellular gene 
expression. The exact changes elicited are characteristic 
for the inciting ESP stimulus. For example, after a cell 
is exposed to interferon-a, specific genes are expressed 
yielding proteins that (i) render the cell more resistant 
to viral infection and (ii) reduce the rate at which the 
cell proliferates. These specific changes in gene expres- 
sion following exposure of cells to ESPs are in many 
cases mediated by members of a newly discovered 
transcription factor superfamily called STATs. 4 

The STATs characterized to date range in molecular 
mass from roughly 80 to 113 kDa and are not genetic 
homologues of any other known group of proteins. 
Among the ESPs, which at least in part appear to exert 
their effects on cells through specific STATs, 111 are the 
interferons (IFNs) [IFNa, -0, and -y]; the colony- 
stimulating factors (CSFs) [erythropoietin (Epo), granu- 
locyte colony-stimulating factor (G-CSF), macrophage 
colony-stimulating factor (M-CSF), and granulocyte 
macrophage colony-stimulating factor (GM-CSF), and 
probably the recently described thrombopoietin (Tpo)]; 
various interleukins (ILs) [IL-2, IL-3, IL-4, IL-5, IL-6, 
IL-7, IL-9, IL-10, IL-11, IL-12, IL-13]; various growth 
factors [including epidermal growth factor (EGF), plate- 
let-derived growth factor (PDGF), oncostatin-M (On- 
coM), leukemia inhibitory factor (LIF), and ciliary 
neurotrophic factor (CNTF)]; and several peptidyl hor- 
mones [eg., growth hormone (GH) and prolactin!. 

The identification of the first STATs 4 112 led to the 
elucidation of the biochemical events that mediate the 
changes in gene expression in response to interferons. 
Surprisingly, there is an underlying unity in the way 
that many additional ESPs, with their myriad of 
distinctive biological effects, act to control gene expres- 
sion after binding to their cell surface receptors. In 
response to an ESP stimulus, specific STAT proteins are 
phosphorylated on tyrosyl residues within minutes after 
the binding of the ESP to its cell-surface receptor. This 
phosphorylation of STAT proteins is mediated by spe- 
cific kinases called Janus kinases; or JAKs (see below) 
and results in their conversion from latent to active 
transcription factors. 

To date, six different STAT family members (STATsl, 
-2, -3, -4, -5, -6) have been discovered, and as shown in 
Table 2 the cytokines that activate all of these STATs 
have been identified. However, it is highly likely that 
additional STATs will be found that participate in signal 
transduction of still other cytokines. 
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Table 2. Cytokines Utilizing the JAK/STAT Pathway 



cytokine 


STAT activation 


JAK activation 0 


I FN a 

I FN;* 
1L-10 


STATl, -2 
STATl 
STATl, -3 


JAKl, Tyk2 

T A T/ 1 Y A TS O 

JAKl, JAK2 
JAKl, Tyk2 


IL-2 
IL-7 
IL-9 
IL-15 


STATS. -3 
STATS, -3 
STATS. -3 
STATS, -3 


JAKl, -3 
JAKl, -3 
JAKl. -3 
JAKl, -3 


IL-4 
IL-13 


STAT6 
STAT6 


JAKl, -3 
JAKl 


IL-3 
IL-5 


STAT5 
STATl. -3 
STAT5 


JAK2 
JAK2 
JAK2 


1L-6 
IL-11 

LtlP 

OSM 
CNTF 


STATl. -3 
STAT3 
STAT3 
STATl, -3 
STAT3 


JAKl, -2, Tyk2 
JAKl. -2,Tyk2 
JAKl, -2, Tyk2 
JAKl, -2, Tyk2 
JAKl,-2,Tyk2 


IL-12 
G-CSF 
Epo 
Tpo 

prolactin 
growth hormone 


STAT3, -4 
STATS , -5 
STATS 
STAT5 
STATS 

STATl. -3. -5 


Tyk2. JAK2 

JAKl, -2 

JAK2 

JAK2 

JAK2 

JAK2 


CSF 1/M-CSF 

EGF 

PDGF 


STATl, -3 
STATl, -3. -5 
STATl, -3 


9 

JAKl 

7 



0 A question mark (?) indicates that JAK activation has not been 
reported. 



The colony-stimulating factors and interleukin-3 pro- 
mote the growth of specific cell lineages within the bone 
marrow, giving rise to the mature cell types found in 
the blood. GM-CSF and G-CSF are currently used 
following cancer chemotherapy to increase the speed 
with which the white blood cell counts return to levels 
that are protective against infection or to facilitate the 
process of bone marrow transplantation in cancer 
patients. Epo has been extraordinarily successful in 
treatment of anemia due to renal failure. Interferon-/* 
is used in the management of relapsing multiple scle- 
rosis. Interferon-a is one of the cytokines produced by 
cells in response to viral infection. Recombinant IFN-a 
has been successfully utilized in the treatment of 
infectious hepatitis, hairy cell leukemia, and other 
cancers. The clinical utility of a variety of other 
cytokines is currently being assessed. The definition 
of the mechanisms by which the JAKs and STATs are 
activated and an understanding of their role in ESP 
signal transduction present new opportunities to dis- 
cover orally bioavailable small molecule drugs mimick- 
ing or blocking medically important ESPs. 

Mechanism of JAK/ST AT-Me diated Signal 
Transduction 

After an ESP binds to its cognate receptor, a cascade 
of events is initiated that leads to modulation of gene 
expression. The primary driver of this cascade appears 
to be protein phosphorylation. Receptor occupancy, 
probably through receptor dimerization, leads to changes 
in the cytoplasmic domain of the receptor that are 
"recognized" intracellularly. Evidence indicates that the 
altered receptor cytoplasmic domain becomes an effec- 
tive "docking platform" for the appropriate members of 
a tyrosine protein kinase family known as the "Janus 
kinase" or JAK family 113 " 115 and/or members of the 
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STAT family of latent transcription factor subunits. 
Assembly of an appropriate complex of JAKs and STATs 
anchored to the cytoplasmic domain of various ESP 
receptors results in tyrosyl phosphorylation and bio- 
chemical activation of particular JAKs. The activated 
JAKs then phosphorylate a subset of STAT proteins at 
a specific tyrosyl residue. 

Although some receptors that utilize the JAK/STAT 
signaling pathway have intrinsic tyrosyl kinase activity 
(eg., receptors for EGF and PDGF), most of these 
receptors do not. Furthermore all STAT phosphoryla- 
tion is thought to be dependent upon the JAK kinases 
that associate noncovalently with the cytoplasmic do- 
mains of various ESP receptors. The receptors for ESPs 
are diverse and, with the exception of those for tumor 
necrosis factor (TNF) and IL-1, all seem to couple to the 
STAT signaling pathway through JAK activation. Re- 
ceptors that bind ESPs as single chains {eg., receptors 
for growth hormone, Epo, prolactin, and G-CSF) dimer- 
ize after ESP binding. This dimerization appears to 
lead to localization and activation of particular JAKs. 
Receptor multimerization also appears to be involved 
in JAK activation by ESPs that bind receptors with 
multiple chains. The receptors for one group of cyto- 
kines (IL-3, GM-CSF, and IL-5) are formed from differ- 
ent a chains and a common /3 chain. JAKs interact with 
the ft chain. Lastly, there are cytokines (IL-6, LIF, 
OncoM, and CNTF) whose receptors are composed of 
specific a chains and a common protein component 
termed gpl30. The action of these ESPs depends upon 
oligomerization of the gpl30 subunit, which associates 
with specific JAKs, to activate the STAT signaling 
pathway. 

Tyrosyl-phosphorylated STATs assemble into raulti- 
meric complexes, apparently stabilized by intermolecu- 
lar interactions between src homology 2 (SH2) do- 
mains 112116 and phosphorylated tyrosyl residues within 
the STATs. SH2 domains, originally defined based on 
the src oncogene, are involved in binding to phospho- 
tyrosine residues. A central region in the SH2 domain 
that includes the arginine residue that directly binds 
to phosphotyrosine is completely conserved among the 
STAT proteins. Different specific STAT complexes 
appear to be induced in response to different ESPs. 
These STAT-containing complexes move from the cyto- 
plasm into the nucleus. Once in the nucleus, activated 
STAT complexes bind to specific response elements in 
the promoters of genes responsive to that ESP, acting 
as biochemically active transcription factors. Following 
ESP activation of JAK/STAT signaling, the cascade of 
events appears to be negatively regulated by the action 
of protein tyrosyl phosphate phosphatases. An impor- 
tant role for protein tyrosyl phosphate phosphatases in 
limiting ESP-mediated responses is implied by the 
ability of the protein phosphatases inhibitor vanadate 
to activate JAK/ST AT-mediated transcription. 117 

JAK/STAT-mediated changes in the pattern of gene 
expression lead to alterations in levels of corresponding 
encoded proteins and therefore to altered cell function. 
As with hormone-induced IR-mediated changes in gene 
expression, the consequences of STAT signal transduc- 
tion show a gradual onset (minutes to hours) and can 
last a relatively long time (hours to days). The STATs 
therefore exert their activity in a manner analogous to 
that of the IRs: the STATs transduce ESP signals that 
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Figure 15. The signal transduction pathway utilized by interferon-y UFN-,<). Binding of JFN-y to the receptor causes 

multimerization of the receptor and activation of JAKl and JAK2. These activated JAKs phosphorylate STATl. This loads to 
formation of the active transcription factor. After entering the nucleus, the STAT1 homodimer recognizes the IFN-/ activation 
sequence (GAS) in the promoters of I FN responsive genes and enhances transcription of those genes. 



control gene expression, and the IRs serve a similar role 
for the non-peptidyl hormones. 

The signal transduction pathway utilized by IFN-}' 
is shown in Figure 15. As described above* the first step 
in FFN-r signal transduction is the binding of IFN-y to 
its cell surface receptor. Receptor binding results in 
receptor oiigomerization (a simplified depiction is shown 
in Figure 15), leading to activation of the receptor- 
associated JAKs, presumably by cross-phosphorylation. 
The receptor cytoplasmic domain is then in turn phos- 
phorylated on tyrosine, presumably by the JAKs them- 
selves. A single phosphorylated tyrosine residue on the 
receptor serves as a docking site for STATl (via its SH2 
domain); STATl then becomes phosphorylated on a 
specific tyrosyl residue, again presumably via the 
JAKs. 1 w The phosphorylation of this STAT leads to its 
dimerization, yielding an active transcription factor. The 
STATl dimer can then move into the nucleus and bind 
to a DNA sequence element, known as an IFN-y 
activation sequence (GAS), in the promoter of IFN-y 
responsive genes. Binding of the STATl dimer to the 
promoter of these genes causes transcriptional activa- 
tion in a manner analagous to the IRs. Although IFN- 
a-induced signal transduction is very similar to that of 
IFN-y t the STATs activated are different as is the 
makeup of the DNA binding complex. Thus, I FN -a 
treatment leads to activation of JAKl and tyk2 and 
phosphorylation of STATl and STAT2. Unlike IFN-y 
and most other cytokines, the IFN-a-induced multimeric 
complex, termed interferon-stimulated gene factor-3 
tISGF3r U !9 also includes a DNA-binding protein, termed 
p46\ that is not a STAT family member. In the absence 
of the activated STAT components, p48 shows only weak 
DNA binding. The ISGF3-STAT complex moves into 
the nucleus, specifically recognizes IFN-a stimulated 
response elements (ISREsj within the promoters of 



genes responsive to IFN-a, and enhances the transcrip- 
tion of those genes. 

The STATs and JAKs implicated in signal transduc- 
tion of a variety of ESPs are shown in Table 2. Although 
there is significant overlap in the STATs participating 
in complexes induced by different ESPs. it is believed 
that selective action of a single ESP is obtained based 
upon the STATs and accessory proteins such as p48 
forming the active complex, the overall transcription 
factor pool within the specific cell type, the precise 
nature of the STAT response element, 120 and the 
promoter context in which the STAT response element 
resides. 

Discovery of Drugs Modulating ESP Action 

Administration of specific ESPs (e^.. Epo, G-CSF, 
GM-CSF), various interferons, or IL-2 can have a 
medically beneficial effect. The therapeutically useful 
ESPs are often relatively difficult and expensive to 
manufacture, and they must be administered parenter- 
ally and frequently. In some pathological conditions, 
it may be highly desirable to specifically inhibit the 
actions of individual ESPs. Currently there are no 
small-molecule drugs known to act by directly modulat- 
ing ESP-induced JAK/STAT-mediated signal transduc- 
tion. However, the known physiological and pharma- 
cological activities of many of the ESPs and their putative 
roles in the pathophysiology of various diseases suggest 
possible utilities for small-molecule ESP antagonists. 
Examples include possible use of interleukin or inter- 
feron antagonists in the treatment of inflammation or 
CSF inhibitors in treatment of leukemias. 

A variety of assays can be considered in the construc- 
tion of screens for compounds capable of modulating 
ESP-signaling pathways. Among these is a cellular 
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Figure 16. Inhibitor of epidermal growth factor receptor 
tyrosine kinase. 

transcriptional assay similar to that used for intracel- 
lular drug discovery. In this approach a cellular back- 
ground that harbors the required components of the 
signaling pathway could be used {eg., ESP receptor, 
JAKs, STATs, and tyrosine kinase phosphatases); al- 
ternatively, plasmid constructs capable of expressing 
one or more of the components of the signaling pathway 
(e,g„ ESP receptors, JAKs, or STAT components) can 
be introduced into the cell. A plasmid consisting of a 
promoter containing a STAT response element control- 
ling transcription of a reporter gene such as luciferase 
is then introduced into the cell. Alteration in reporter 
gene transcription is then used to monitor the efficacy 
and potency of compounds tested in the screen. 

Second, enzymatic assays for selected kinases and 
phosphatases can be established to identify com- 
pounds 121 capable of directly affecting the activity of 
these critical components of the signaling pathway. In 
this regard, a very potent and selective inhibitor of the 
intrinsic tyrosine kinase activity of the EGF receptor 
has been identified 122 (Figure 16), suggesting that 
sufficient structural heterogeneity may exist among 
tyrosine kinases to allow the discovery of selective and 
potent kinase inhibitors. 

Finally, assays can be established that assess physical 
interactions of the components of the signaling pathway. 
These could include the interaction between the ESP 
receptor and the appropriate JAKs, the receptor and 
STATs, JAKs, and STATs, and homodimeric or het- 
erodimeric STAT complexes. 

Each of these approaches has potential advantages 
and disadvantages, but all could be used to identify 
novel small molecules capable of modulating the signal 
transduction pathway induced by selected ESPs. Drug 
discovery opportunities in this area are rapidly emerg- 
ing. Small-molecule agonists could act in a variety of 
steps in the signaling pathway, including inhibition of 
phosphatase activity or stabilization of interactions 
between the various components of the pathway. The 
evidence cited above demonstrating that vanadate 
induces transcriptional activation of an ESP response 
element in the absence of the ESP suggests that JAK/ 
STAT pathways are kept quiescent by the continuous 
action of protein tyrosyl phosphate phosphatases. Any 
compound that perturbs the activity or localization of 
these phosphatases would be expected to activate the 
pathway. In addition, nuclear protein tyrosyl phosphate 
phosphatases may be involved in the inactivation of 
phosphorylated STATs. Compounds that act by stabi- 
lizing protein— protein interactions, such as the immune 
suppressants cyclosporin and FK506 are precedents for 
the sorts of compounds that might stabilize STAT 
complexes. 

Small-molecule ESP agonists could be therapeutically 
valuable in a variety of important disease states, for 
example by replacing (i) Epo for treatment of anemia; 
(ii) G-CSF, GM-CSF or Tpo as an adjunct to cytotoxic 
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cancer chemotherapy; (iii) IFN-a for induction of an 
antiviral state to treat infectious hepatitis; (iv) IL-2 or 
IFN-a for cancer therapy; and (v) growth hormone. 

ESP antagonists could also act at several different 
points in the STAT-signaling pathway. These include 
binding to the cell-surface receptor, disrupting physical 
interactions that lead to receptor dimerization, prevent- 
ing interactions between JAK and STAT molecules, 
interfering with interaction between JAK/STAT com- 
plexes and the general transcription complex, and 
specifically inhibiting JAK activity. 

Antagonists of ESP signaling could be useful in 
inflammatory disease exacerbated by a variety of ESPs 
including the interferons IL-2, IL-4, and H-6. IL-2 
antagonists could be used in immunosuppressive therapy 
for graft rejection while an IL-4 antagonist could reduce 
allergic symptoms. EGF or PDGF antagonists have 
potential utility in treatment of growth factor dependent 
cancers. Thus, multiple drug discovery opportunities 
are represented by modulation of ESP action through 
the JAK/STAT signaling pathway. 

Future Aspects 

The progress made in understanding the mechanisms 
through which extracellular signals, such as hormones 
and cytokines, act to effect gene transcription has 
provided many new and interesting avenues for devel- 
opment of therapeutically important small-molecule 
drugs. As these signal transduction pathways are 
dissected further, the importance of receptor conforma- 
tion, receptor interactions with accessory proteins, the 
roles of different subclasses of receptors, interactions 
between different Efts, and the role of orphan receptors 
in determining the specificity of the action of extracel- 
lular signals will become clear. Elucidation will poten- 
tially provide still more exciting routes for development 
of small-molecule drugs tailored to evoke a highly 
specific response. 

Long-term therapy with known IR modulators is 
associated with detrimental side effects that limit their 
use. Definition of the consequences of ligand binding, 
in terms of alteration of receptor conformation, may be 
the key to overcoming this problem. Alterations in 
receptor conformation will affect both activation of 
specific transactivation domains within the receptor and 
interaction of these domains with other proteins re- 
quired for transcription initiation. The development of 
screens that detect specific alterations in receptor 
conformation is critical to the identification of com- 
pounds with selective activity. 

One approach is the use of assays that identify 
compounds capable of activating only a subset of recep- 
tor transactivation domains. Identification of cells and/ 
or mutant receptors capable of: distinguishing com- 
pounds that activate via specific transactivation domains 
can lead to the discovery of agonists or partial agonists 
with selective activity. The validity of this approach has 
been demonstrated for ER and may extend to other IRs. 
Alternatively, as we gain understanding of the role 
played by accessory factors in the regulation of tran- 
scription, assays designed to directly measure produc- 
tive interaction between these factors and the IRs may 
aid in the identification of new classes of selective 
compounds. Recently, accessory proteins have been 
identified that associate with a number of different IRs. 
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These include the estrogen receptor associated proteins 
(ERAPs), 76 additional ER-associated proteins that are 
involved in the modulation of ER activity, the triiodo- 
thyronine receptor auxiliary protein (TRAP), 123 and the 
110 kDa receptor accessory factor (RAF) 124 associated 
with AR, As these and additional, yet to be discovered, 
factors are characterized and their tissue distributions 
are determined, their physiological significance can be 
elucidated. Both functional and biochemical assays 
dependent on these proteins can then be established and 
used to discover compounds with selective therapeutic 
action. 

The growing number of IRs with related subtypes 
provides another means to discover selective small- 
molecule modulators. To date, four distinct subfamili- 
ties of the retinoid receptor family have been identified: 
RAR, RXR, ROR, and RZR. Each of these subfamilies 
contains a variable number of subtypes: three RARs, 
three RXRs, two RZRs, and two RORs. Subfamily- 
selective compounds, as well as pan agonists, for the 
RARs and RXRs have been identified. A variety of 
assays have demonstrated that retinoid subtype-selec- 
tive compounds lead to different pharmacologies. By 
exploiting the existence of subtypes in other IR families, 
compounds may be found that also exhibit differences 
in pharmacology. The TR and PPAR receptor families 
both provide exciting targets with potential utility in 
the treatment of cardiovascular disease and obesity. 
Since fibrates, which are currently used to reduce 
triglycerides, modulate the activity of PPARs, more 
selective compounds may give cleaner pharmacology. 
PPARy is activated during the differentiation of adipo- 
cytes; modulating its activity may be important in 
controlling obesity. Thyroid hormone is clearly impli- 
cated in thermogenesis, a critical control point in fat 
deposition and use. In addition, thyroid hormone 
deficiency leads to elevated serum lipid levels that can 
be corrected by replacement therapy. The limited use 
of thyroid hormone in normal individuals due to its 
associated side effects may be overcome through the 
development of receptor-selective compounds. 

The interaction between ligand-bound receptors and 
response elements in target genes may provide another 
means through which selectivity can be achieved. In 
general, target genes regulated by binding of the RARs 
and RXRs contain response elements that consist of two 
directly repeated half-sites. Recent studies have shown 
that RXR/RAR heterodimers activate transcription in 
response to all -trans -RA or 9-cis-RA by binding to direct 
repeats separated by five base pairs (termed a DR5 
element) such that RAR occupies the downstream half- 
site. RXR homodimers activate transcription in re- 
sponse to 9-cts-RA by binding to direct repeats separated 
by one base pair (a DR1 element). RAR/RXR het- 
erodimers can also bind to DR1 elements, with greater 
affinity than the RXR homodimer; however, in most 
contexts RAR/RXR heterodimers are unable to activate 
transcription in response to either all-trans-RA or 9-cis- 
RA. Thus, RARs appear to inhibit RXR-dependent 
transcription from these sites. RAR can be switched 
from a retinoid-dependent activator to an inhibitor when 
it occupies the upstream half-site of the DR1 element. 
These findings regarding the interaction between the 
ligand-bound receptors and their response elements 
clearly demonstrate that receptor conformation and 
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binding characteristics can be manipulated to alter the 
physiological outcome of receptor binding. 

Not only is tissue distribution of the receptor itself a 
factor in restricted activity but also the availability of 
heterodimeric partners is critical in determining recep- 
tor activity. The role of heterodimer formation between 
subfamily members of the same IR family in the 
regulation of target genes has been demonstrated. A 
body of evidence now exists indicating that heterodimer 
formation between different intracellular families also 
plays an important role in the regulation of gene 
expression. The receptor complement of a particular cell 
or tissue type will therefore determine not only the 
response mediated by a given IRi family, but may also 
significantly affect responses mediated by other intra- 
cellular superfamily members. As the role of het- 
erodimer formation between superfamily members is 
examined, the tools developed will allow us to monitor 
these interactions, which in turn will enable identifica- 
tion of new drug targets. 

Lastly, one of the most promising avenues for selec- 
tive smaU-molecule drugs is the identification of modu- 
lators of the growing number of orphan receptors. The 
orphan receptors' tissue distributions and patterns of 
interactions with other IRs indicate that they play 
important roles in the regulation of gene transcription. 
Defining their physiological roles is the first step in 
exploiting these receptors for drug discovery. Identifi- 
cation of ligands, determination of their effects in vivo, 
and production of transgenic mice in which the gene for 
the orphan receptor is knocked out or overexpressed are 
ways that this can be accomplished. 

The complexity of signal transduction pathways for 
IR ligands and for extracellular signaling proteins, such 
as the cytokines, can lead to the discovery of small- 
molecule modulators via numerous routes. The future 
challenge resides in the dissection of these pathways 
and in determining the optimal points of intercession 
for useful therapeutic outcome. For the IRs, this will 
require greater understanding of the proteins that 
transmit information from the IRs to the general 
transcription apparatus. A greater understanding of 
the role of IR phosphorylation may also be useful in the 
identification of new and useful targets for drug dis- 
covery. For the JAK/STAT pathways, further insight 
into the selective modulation of the activity of specific 
kinases and phosphatases, as well as the myriad 
protein-protein and protein- DN A interactions involved 
in signal transduction will be required. The ability to 
identify small molecules that modulate these activities 
in the IR and JAK/STAT pathways depends greatly 
upon the development of high-throughput screens based 
upon molecular insights into their mechanisms of action. 
Although this review describes drug discovery ap- 
proaches based upon modulation of transcriptional 
activity, additional targets for modulation of steroid 
hormone action have been identified, particularly the 
steroid metabolizing enzymes that are known to both 
activate and inactivate receptor ligands. 

Conclusion 

From the perspective of drug discovery, the parallels 
between IR and STAT signal transduction are clear. 
Both the STATs and the IRs are latent transcription 
factors activated by cellular exposure to relevant ligands. 
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High-throughput, cell-based screens using reporter 
enzymes can be constructed in which the consequences 
of transcriptional modulation by potential small mol- 
ecule agonists of STATs and IRs can be readily assessed. 
The structures of the reporter plasmids used in the IR 
and STAT assays are also similar. Each is composed 
of a reporter enzyme gene under the transcriptional 
control of a response element in the context of a minimal 
or naturally responsive promoter. These screens have 
demonstrated untility in IR drug discovery. The dis- 
covery of the JAK/STAT-signaling pathway presents an 
exciting approach to cytokine-related drug discovery 
that can yield small-molecule agonists and antagonists 
with patentability, oral bioavailability, and ease of 
manufacture. The drug discovery strategies described 
in this review are designed to identify compounds with 
novel and therapeutically useful properties. 
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Synopsis 

From a group of 12 Caucasian females with diffuse androgen-dependent alopecia, six were treated for 12 
months with spironolactone (75 or 100 mg per day) and six remained untreated. In the untreated (control) 
group, mean values for total hair density (P < 0.05) and meaningful hair density (P < 0.01) were 
significantly lower 12 months later. In contrast to these findings, no significant change in total hair density 
or meaningful hair density could be found in treated subjects. In two women the initial dose of spirono- 
lactone was doubled, and treatment continued for a further 12 months; in both cases increases in total hair 
density and meaningful hair density were observed. The androgenic hormonal variables all decreased on 
treatment. However, dihydrotestosterone and 3a-androstanediol-glucuronide levels were almost 50% 
higher. Low-dose spironolactone, 75 to 100 mg per day, appears capable of stabilizing the course of diffuse 
androgen-dependent alopecia in women. Initially, dosages > 150 mg per day may be necessary to improve 
hair quality and increase hair density. However, further long-term studies are required to confirm these 
findings. 



INTRODUCTION 

In women, thinning hair is predominantly a genetic condition (known as diffuse an- 
drogen-dependent alopecia, androgenic alopecia, androgenetic alopecia, common bald- 
ness, diffuse alopecia, diffuse hair loss, or female pattern baldness) that requires andro- 
gen-mediation for its phenotypic expression. The prevalence in women is frequently 
quoted to be around 30%, although precise epidemiological data are not available (1). 
The hair loss is typically diffuse, affecting the frontal and vertex areas with similar 
severity (2). Often a 1—2 -cm band of denser hair is retained along the frontal hair line. 
A male-type pattern of hair loss, marked temporal or vertex recession, is less frequent 
(3). The major aesthetic change is the appearance of wider partings and a greater 
visibility of scalp through the hair. Changes in hair density may become apparent after 
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an episode of increased hair shedding, but for some an insidious and gradual change 
occurs over many years. 

Diffuse alopecia in women has been associated with endocrine abnormalities, but a 
relationship cannot be established in all cases. Thirty per cent or more have no demon- 
strable endocrine abnormality (2,4—7). In Europe, the anti-androgen cyproterone acetate 
(CPA) has been available for many years and, in combination with ethinyl estradiol 
(EE 2 ), has been successfully employed to treat acne, androgen-dependent alopecia, and 
hirsutism. Cyproterone acetate has never been available within the USA, and therefore 
an alternative anti-androgen was sought. In the late sixties, the aldosterone antagonist 
spironolactone was reported to have anti-androgen activity (8—10). Subsequent studies 
demonstrated its usefulness in the treatment of hirsutism (11—15) and acne (16, 17), but 
only anecdotal evidence exists for androgen-dependent alopecia (17,18). 

Three fundamental hair variables — hair density, hair diameter, and hair length — can 
quantitatively characterize most scalp hair disorders. The unit area trichogram (19) is a 
technique capable of providing such information (20). This method has been employed 
to detail scalp hair changes during systemic anti-androgen therapy in women (21,22) 
and topical 2% minoxidil treatment in men with male pattern baldness (23). In view of 
the anti-androgen activity associated with spironolactone, we used the unit area tricho- 
gram to evaluate scalp hair in women with diffuse androgen-dependent alopecia treated 
for up to 24 months. 



METHODS AND MATERIALS 

SELECTION OF SUBJECTS WITH DIFFUSE ALOPECIA 

Twelve premenopausal Caucasian females, mean age 37 years (range 30-^45 years), with 
diffuse androgen-dependent alopecia, participated in this study. Each had noticed cos- 
metically thinner hair for at least 36 months prior to entering the study. All gave their 
informed consent. No subject had suffered any illness lasting longer than seven days, nor 
had they taken prescribed medications (including oral contraceptives) or applied prod- 
ucts known to influence hair growth for six months prior to entering the study. None 
had been pregnant within the previous two years, and subsequent thyroid evaluations 
were all normal. None had been referred to an endocrine unit for obvious androgen 
excess or sought medical help for acne or hirsutism. Subjects with alopecia areata, 
cicatricial alopecia, or a history of thyroid dysfunction were excluded, as were those who 
exhibited alopecia of the male-type pattern. 

ALLOCATION OF CONTROLS AND SUBJECTS TREATED WITH SPIRONOLACTONE 

The treated group was comprised of six subjects, mean age 35 years (range 30—4 1 years), 
with total hair densities between 162 and 336 hairs per cm 2 , who elected to undergo 
spironolactone therapy (75 or 100 mg per day) for 12 months. The control group was 
comprised of six subjects, mean age 38 years (range 30—45 years), matched for total hair 
density, who elected to remain untreated for 12 months. The duration of alopecia ranged 
from 3 to 16 years and was similar between and within the two groups. There was no 
significant difference between the mean age of control or treated subjects (unpaired 
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Student's t-test). After 12 months, two subjects from the treated group agreed to 
continue spironolactone therapy, employing higher dosages (150 or 200 mg per day), for 
a further 12 months. 



THE UNIT AREA TRICHOGRAM AND REPRODUCIBILITY' OF HAIR VARIABLES EMPLOYED 

All subjects followed the same standardized shampooing procedure one month prior to 
sampling, which required the hair to be shampooed daily but not on the morning of 
sampling. Hair samples were obtained from the frontal area basally and, within 5 mm 
of the original sites, 12 or 24 months later. The mean area sampled was 56 mm 2 basally 
and 55 mm 2 after 12 months. From two unit area trichograms, separated by less than 
25 mm (Figure 1), values for hair variables were obtained from each site. The generated 
data were pooled, and the difference (as a %) between this pooled value and an individual 
site provided a measure of the reproducibility. The sum of these differences gave a mean 
value for the group, which was <5% for each variable. The term meaningful hair was 
defined as all non-vellus hair. A vellus hair had been characterized previously as a hair 
^30 mm in length having a diameter ^40 Jim (23). The proportion of hair ^80 mm 
in length provided an estimate of the disturbance occurring to the hair cycle during the 
previous six months. The percentage of telogen hair ^30 mm in length was employed 
to assess complete hair growth cycles of less than six months. Where reference is made 
to hair length, this term relates to uncut hair only or cut hair above the pre-assigned 
limit. Dysplastic or dystrophic hair was classified as detailed previously (2), although 
their occurrence was less than 4%. Hairs in the catagen growth phase were grouped with 
the telogen population for data analysis. The mean number of hairs examined per unit 
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Figure 1. Two unit area trichograms separated by less than 25 mm. 
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area trichogram was 135 from controls and 14 1 from treated subjects. A total of 6624 
hairs was examined in this study. 

BIOCHEMICAL AND MEDICAL INVESTIGATIONS 

Full medical, biochemical, haematological, and hormonal evaluations were undertaken 
in all subjects basally, on day 21 of the menstrual cycle and before 11.00 h following 
a 12-hour fast. Biochemical and haematological investigations were repeated after 6, 12, 
or 24 months as appropriate. All hormonal evaluations were undertaken by the Nichols 
Institute, San Juan Capistrano, California. The biochemical and hematological investi- 
gations were performed by MetPath, Teterboro, New Jersey. 

STATISTICAL ANALYSIS 

Group mean differences were compared statistically by Student's t-test for paired or 
unpaired samples as appropriate. All analyses were undertaken on an Apple Macintosh™ 
computer using the statistical program STATWORKS. ™ 



RESULTS 

Initially, in the treated group, irregular periods and mild hirsutism were noted in two 
subjects, while all six subjects had mild facial acne (two of whom suffered pre- 
menstruaily). In the control group, two subjects had irregular periods, one had mild 
hirsutism, and two had mild facial acne (one premenstrually). None of these conditions 
were troublesome enough to warrant any subject seeking medical advice for these 
complaints. On treatment, two subjects with irregular cycles became regular, while two 
with regular menses developed irregular cycles. However, no subject withdrew from 
therapy because of any side effects. 

COMPARISON BETWEEN BASAL HAIR VARIABLES AND THOSE OBTAINED AFTER 12 MONTHS IN 
CONTROL AND TREATED SUBJECTS 

Mean baseline values for hair variables from controls and treated subjects were compared 
to values obtained from the same sites 12 months later (Tables I and II). In the control 
group, but not in the treated group, a significant decrease in total hair density (P < 
0.05) and meaningful hair density (P < 0.01) was observed after 12 months (Figure 2). 
Subjective impressions supported these findings, particularly within the control group, 
where deterioration in hair quality was cause for concern. 

BASAL BIOCHEMICAL AND HORMONAL EVALUATIONS FROM CONTROL AND TREATED SUBJECTS 
WITH DIFFUSE ANDROGEN-DEPENDENT ALOPECIA 

Basal hematological and non-hormonal biochemical values were all within the reference 
range of the laboratory. The principle androgenic hormones, androstenedione, dehy- 
droepiandrosterone-sulphate (DHEA-S), and total testosterone were also within their 
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Table I 

Comparisons Between Hair Variables From the Frontal Area of Untreated Controls Basally and After 12 

Months: Mean ± SD and Range (in parentheses) 



Control group (n = 6) 



Variable 


Basal 




12 Months 


Total hair density 
(Hair per cm 2 ) 


231 ± 57 
(157-317) 


• 


206 ± 72 
(12O-303) 


Meaningful hair density 
(Non-vellus hair per cm 2 ) 


191 ± 67 
(116-278) 


#• 


169 ± 74 
(80-268) 


(%) Anagen hair 


79.4 ± 9.3 
(61.0-84.7) 


ns 


75.3 ± 12.4 
(56.9-93.8) 


(%) Meaningful anagen hair 


85.9 ± 4.5 
(81.5-94.2) 


ns 


79.0 ± 10.7 
(65.5-93.6) 


(%) Hair <80 mm in length 


68.4 ± 24.0 
(25.9-89.0) 


ns 


74.5 ± 14.9 
(50.0-89.1) 


{%) Vellus hair 


17.9 ± 16.4 
(2.0-46.3) 


ns 


19.2 ± 16.8 
(2.0-50.8) 


(%) Telogen hair ^30 mm in length 


11.7 ± 11.1 
(2.0-32.9) 


ns 


11.2 ± 9 1 
(0.0-27.7) 



ns = Not significant: P > 0.05; *P < 0.05; **P < 0.01 (paired Student's t-test). 



respective reference ranges. The peripheral markers for hyper-androgenism were raised 
in six (50.0%) for free testosterone, in two (16.7%) for 3ot-androstanediol-glucuronide 
(3ot-A-diol-G), and in one (8.3%) for dihydrotestosterone (DHT). However, no corre- 
lation between individual or grouped hormonal values with any hair value could be 
established. 

TRICHOLOGICAL AND HORMONAL CHANGES IN TWO SUBJECTS WHO CONTINUED WITH 
SPIRONOLACTONE THERAPY FOR A FURTHER 12 MONTHS 

One subject who initially received 75 mg of spironolactone per day was increased to 150 
mg per day, and one initially receiving 100 mg per day was increased to 200 mg per 
day. After 12 months of treatment with these higher dosages, both had increases in total 
hair density and meaningful hair density and a corresponding decrease in the percentage 
of vellus hair and telogen hair ^30 mm in length (Table III). Comparisons between 
basal hormonal levels and those observed after 24 months showed a substantial reduction 
in the androgenic hormones. However, both DHT and 3ot-A-diol-G levels were inex- 
plicably elevated. 



DISCUSSION 

The major initiating feature of androgen-dependent alopecia in men and women is the 
action of androgens upon the pilo-sebaceous unit (2,7,24,25), the associated dermal/ 
sub-dermal tissue (26), and the receptor-binding phenomenon within the hair cell (27). 
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Table II 

Comparisons Between Hair Variables From the Frontal Area Basal ly and After 12 Months of 
Spironolactone (75 or 100 mg per day) Treatment: Mean ± SD and Range (in parentheses) 

Treated group (n = 6) 



Variable 


Basal 




12 Months 


Total hair density 
(Hair per cm 2 ) 


256 ± 78 


ns 


239 ± 72 


(162-336) 




(145-313) 


Meaningful hair density 


197 ± 67 


ns 


189 ± 51 


(Non-vellus hair per cm 2 ) 


(123-276) 




(131-256) 


(%) Anagen hair 


78.5 ± 5.1 


ns 


79.8 ± 4.3 




(72.9-84.8) 




(74.8-84.7) 


(%) Meaningful anagen hair 


81.2 ± 6.0 


ns 


79 5 ± 9.9 




(70.2-86.2) 




(63.7-91.2) 


{%) Hair ^80 mm in length 


56.9 ± 16.6 


ns 


56.1 ± 18.8 




(37.6^80.8) 




(33.0-82.9) 


(%) Vellus hair 


23.2 ± 6.0 


ns 


19.6 ± 8.5 




(16.5-30.3) 




(9.6-33.3) 


(%) Telogen hair ^30 mm in length 


10.3 ± 2.9 


ns 


10.9 ± 5.6 


(6.8-13.9) 




(6.4-21.4) 



ns = Not significant: P > 0.05 (paired Student's t-test). 



Compounds with anti-androgen activity would therefore appear essential in the treat- 
ment of androgen-dependent alopecia (25), and studies employing CPA in combination 
with EE 2 support this view (21,23). For spironolactone, however, no quantitative data 
for alopecia were available; consequently, we employed dosing regimens established in 
acne and hirsutism. In moderately hirsute women, 50 mg of spironolactone per day was 
reported to regress terminal hair to vellus hair within six months of starting treatment 
(14). Good results had also been reported for dosages between 150 mg and 200 mg per 
day in acne (16) and hirsutism (13,17,28). However, with dosages >100 mg per day, 
side effects began to appear, and several studies reported drop-out rates in excess of 25% 
(12,15). 

In our study, subjects treated with spironolactone (75 or 100 mg per day) had stabilized 
total and meaningful hair densities 12 months later (Table II), while in untreated 
controls a significant decrease was observed at this time (Table I). Subjective impressions 
supported these findings, particularly within the control group, where deterioration in 
hair quality was cause for concern. When the dosage was doubled, increases in total and 
meaningful hair densities were recorded in the two subjects so treated (Table III). Both 
were aware of an improvement in hair quality. In comparison to these findings for 
spironolactone, low-dose CPA-EE 2 studies suggest that CPA dosages =^50 mg per 
month are unable to prevent further expression of the alopecia, whereas CPA dosages 
^500 mg per month are able to do so. Whether the degree of improvement achieved 
with high-dose spironolactone is similar to that obtained with high-dose CPA is the 
subject of an ongoing study. 

One of the major problems in treating androgen-dependent alopecia is the difficulty in 
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Treated (n=6) Controls (n=6) 

Time Months 

Figure 2. Changes in total and meaningful hair densities (mean ± SEM) in controls and subjects treated 
with spironolactone (75 or 100 mg per day). "Significance level (paired Student's t-test). 



predicting what effective regimen is required for a specific group or individual. Circu- 
lating hormonal levels do not provide any reliable information about the rate of change 
occurring in scalp hair or the dosage required to treat it (2). This is of considerable 
importance since the treatment time required may be several years. Moderate dosages of 
spironolactone (75 or 100 mg per day) appear capable of stabilizing the course of 
androgen-dependent alopecia, at least in these women, without any significant side 
effects. Initially, higher dosages may be necessary to improve hair quality and achieve 
increases in hair density. However, further long-term studies are required to confirm 
these findings. Our data for spironolactone supports the role of androgens as a mediating 
factor in genetic hair loss in women. 
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Table HI 

Comparisons Between Basal Hair Variables and Those Obtained After 12 and 24 Months of 

Spironolactone Treatment 



Spironolactone (mg per day) 
Time (months) 




Subject One 






Subject Two 




l~ 

0 


-100—1—200- 
12 


--I 

24 


1- 

0 


-75 — | — 150 — 
12 


1 

24 


Hair variable 










145 




Total hair density per cm 2 


310 


303 


349 


162 


173 


Meaningful hair density per cm 2 


258 


267 


293 


130 


131 


147 


{%) Anagen hair 


72.9 


76.6 


86.6 


79.4 


84.0 


77.6 


(%) Meaningful anagen hair 


79-5 


78.6 


86.5 


85.6 


84.7 


80.2 


(%) Vellus hair 


16.5 


16.5 


11.9 


19.6 


9.6 


15.0 


(%) Telogen hair ^30 mm 


13.2 


6.2 


2.6 


11.2 


6.4 


7.5 
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Topics in Primary Care Medicine 



Approach to Patients With Hirsutism 

ROLAND SAKIYAMA, MD, Los Angeles, California 

Hirsutism is a common medical condition that in most women is due to the polycystic ovary syndrome 
or is idiopathic. For a few women, hirsutism signals a serious underlying disorder such as an ovarian 
or adrenal tumor, congenital adrenal hyperplasia, or Cushlng's syndrome. A detailed medical history 
and examination can identify women in whom a serious disease is suspected and for whom laboratory 
evaluation is warranted. Measurements of serum testosterone, dehydroepiandrosterone, and 17a-hy- 
droxyprogesterone levels, and 24-hour urinary Cortisol concentrations are important screening tests. 
Therapy is directed at suppressing ovarian or adrenal androgen production, inhibiting the conversion 
of testosterone to dihydrotestosterone, or antagonizing the effects of androgens at the receptor level. 
(Sakiyama R: Approach to patients with hirsutism. West J Med 1 996; 1 65:386-391 ) 



Hirsutism is a common clinical condition affecting 
about 5% of women in the United States. 1 All too 
often, physicians dismiss hirsutism as a concern that does 
not deserve their clinical acumen. Perhaps this response 
is due to a lack of knowledge of the proper evaluation and 
management of hirsutism or the notion that hirsutism is 
merely a cosmetic problem. For most women, hirsutism 
is not a manifestation of a serious disorder, but rather a 
possible source of emotional disability. For some 
women, hirsutism is a warning sign of a more serious 
underlying problem. Appropriate management can be 
determined after a carefully directed history, physical 
examination, and limited laboratory testing.* 

Hirsutism is defined as the excessive growth of andro- 
gen-responsive terminal hair in women. Therefore, for 
most women, hirsutism is a cutaneous manifestation of 
androgen excess. True hirsutism must be distinguished 
from hypertrichosis — that is, excessive growth of vellus 
or non-androgen-responsive hair. Vellus is fine, downy 
hair that is usually unpigmented. Terminal hairs are dark, 
thick, and found in the sex hormone-responsive areas of 
the pubis, axilla, back, face, chest, and abdomen. 
Androgens promote an increase in the number and thick- 
ness of terminal hairs in these areas. Women with andro- 
gen-dependent hirsutism either have exposure to exces- 
sive androgens or manifest a heightened androgen-recep- 
tor sensitivity to normal circulating levels of androgen. 
For other women, hirsutism is a non— androgen-depen- 
dent abnormality — that is, an adverse effect to certain 
drugs or a genetic characteristic, such as in women of 
Mediterranean or East Indian origin. 

Testosterone and dihydrotestosterone are true andro- 



•Scc also the editorial by S. J. Agarwal. MB.BS. and H. L. Judd, MD. "What 
We See Most. We Understand Least," on pages 392-393 of this issue. 



gens as defined by their ability to interact with the 
androgen receptor. Testosterone binds to cell receptors, 
enters the cell cytoplasm, and is converted to dihy- 
drotestosterone by a 5a-reductase enzyme. Dihydro- 
testosterone, in turn, is bound to specific cytoplasmic 
receptors. Potential androgens are dependent on a con- 
version to testosterone and include dehydroepiandros- 
terone (DHEA) and androstenedione. Dehydroepi- 
androsterone is the major adrenal androgen that can be 
converted to testosterone, or sulfated to DHEAS before 
secretion. Measuring the DHEAS level is the preferred 
plasma test of adrenal androgen production because 
DHEA shows a circadian and menstrual rhythm not 
found with DHEAS. Androstenedione is the major C19 
steroid produced by the ovaries, although the ovaries are 
also able to secrete testosterone and dihydrotestosterone. 
In normal women, two thirds of plasma testosterone is 
derived from the adrenal cortex through peripheral for- 
mation from DHEA and androstenedione. 

Causes of Hirsutism 

Causes of hirsutism can be classified as ovarian, 
adrenal, drug-related, idiopathic, or genetic (Table l). 2 
Ovarian disorders include the polycystic ovary syn- 
drome and ovarian tumors. Adrenal disorders include 
congenital adrenal hyperplasia, Cushing's syndrome, 
and adrenal tumors. Hirsutism may also occur with the 
ingestion of anabolic steroids or as an adverse effect of 
a limited group of medications (see Table 1). Idiopathic 
hirsutism is defined by normal androgen concentrations 
and a lack of any identifiable underlying disorder. It has 
been proposed that idiopathic hirsutism results from an 
increased androgen-receptor sensitivity to normal andro- 
gen levels. More than 95% of women with hirsutism are 
found to have either idiopathic hirsutism or the polycys- 
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ABBREVIATIONS USED IN TEXT 

ACTH = adrenocorticotropic hormone, corticotropin 

CT = computed tomography 

DHEA = dehydroepiandrosterone 

DHEAS = sulfated form of DHEA 

FDA = Food and Drug Administration 

FSH = follicle- stimulating hormone 

GnRH - gonadotropin-releasing hormone 

LH = luteinizing hormone 

MRI = magnetic resonance imaging 

SHBG = sex hormone-binding globulin 



tic ovary syndrome. 3 

The polycystic ovary syndrome is the most common 
identifiable cause of androgen hypersecretion in women. 
The underlying defect in this syndrome is postulated to 
be a nontumorous dysfunction of luteinizing hormone 
(LH) hypersecretion, with a subsequent stimulation of 
thecal and stromal ovarian cells to produce androgens. 
The polycystic ovary syndrome encompasses a wide 
spectrum of clinical manifestations. Patients may pre- 
sent with classic "polycystic ovary disease"— obesity, 
hirsutism, anovulation, and enlarged multicystic ovaries. 
On the opposite end of the spectrum, women with mild 
polycystic ovarian syndrome may not be obese and have 
regular ovulatory cycles and normal ovaries, with only 
subtle hormonal aberrations and hirsutism. Luteinizing 
hormone levels are frequently elevated in the polycystic 
ovary syndrome, but often to such a modest degree that 
its absolute value remains within the normal reference 
range. If the ratio of LH to follicle-stimulating hormone 
(FSH) is measured, however, it is frequently increased to 
2.5 or greater in women with the polycystic ovary syn- 
drome (most normal ovulatory women have an LH:FSH 
ratio of 1 .0). Total plasma testosterone levels are elevat- 
ed in 40% to 60% of women with this syndrome. In the 
other women, levels of total testosterone are normal, but 
those of free testosterone are elevated. Free testosterone 
represents the nonprotein-bound hormone that is thought 
to most closely reflect cellular hormonal actions. The 
major binding protein for testosterone is sex hor- 
mone-binding globulin (SHBG), which is decreased in 
women with the polycystic ovary syndrome and 
accounts for elevated levels of free testosterone despite 
normal total testosterone levels. 

Ovarian and adrenal tumors are uncommon causes of 
hirsutism. Adrenal carcinomas are typically large by the 
time they produce excessive androgens. Adrenal adeno- 
mas can produce androgens and are typically small and 
difficult to localize. Ovarian tumors include Sertoli- 
Leydig cell tumors, hilar cell tumors, lipoid cell tumors, 
and adrenal rest tumors. Elevations in DHEAS levels 
suggest an adrenal origin of androgen production, 
whereas greatly elevated testosterone concentrations 
signal a possible ovarian or adrenal tumors. 3 

Cushing's syndrome is caused by the chronic over- 
production of glucocorticoids and, to a lesser extent, 
adrenal androgens. Skin findings due to excessive andro- 
gen production include hirsutism, acne, and temporal 
hair recession, in addition to glucocorticoid-associated 



TABLE 1 Causes of Hirsutism* 



Ceneral Specific Cause 

Ovarian Polycystic ovary syndrome 

Neoplasms 
Sertoli-leydig cell tumors 
Hilar cell tumors 
Lipoid cell tumors 
Adrenal rest tumors 

Adrenal Congenital adrenal hyperplasia 

21 -Hydroxylase deficiency 
1 1 3-Hydroxyiase deficiency 
33-Hydroxysteroid dehydrogenase 
deficiency 
Cushing's syndrome 
Neoplasms 
Adrenal carcinoma 
Adrenal adenoma 

Drugs (proprietary name) Cyclosporine (Sandimmune) 

Danazol (Danocrine) 
Phenytoin (Dilantin) 
Glucocorticoids 
Minoxidil (Loniten) 
Diazoxide (Hyperstat) 
Anabolic steroids 

Idiopathic 
Genetic 



*Fr«rn Carr." 



findings of thin skin and purple striae. Classic congeni- 
tal adrenal hyperplasia presents in infancy and is due to 
a deficiency of 2 1 -hydroxy lase, 1 1 0-hydroxylase, or 30- 
hydroxysteroid dehydrogenase adrenal enzymes. An 
attenuated or nonclassic form of congenital adrenal 
hyperplasia may present in adolescence or young adult- 
hood. 4 - 5 A partial deficiency of the 21 -hydroxylase 
enzyme is the most common form of nonclassic congen- 
ital adrenal hyperplasia. Decreased 21 -hydroxylase 
activity leads to increased concentrations of 17a- 
hydroxy progesterone, which in turn is converted to 
testosterone. 

Idiopathic hirsutism is found in 50% of women eval- 
uate<J for hirsutism. Idiopathic hirsutism is defined by 
normal physical and laboratory findings in women with 
the onset of excessive hair growth in puberty or young 
adulthood. They do not have signs of virilization and 
manifest a slow progression of their hirsutism. Increased 
sensitivity of the hair follicles to normal circulating 
androgens is thought to cause the hirsute state. 

History and Physical Examination 

The primary goal of the history and physical exami- 
nation is to identify patients in whom hirsutism is the 
cutaneous manifestation of a serious underlying disease. 
Hirsutism due to the polycystic ovary syndrome or idio- 
pathic causes typically begin between the ages of 15 and 
25 years and progresses slowly. Symptoms starting later 
in life, coupled with a rapid progression, suggest a more 
serious underlying disorder, such as an ovarian or adren- 
al tumor or Cushing's syndrome. The exception is peri- 
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menopausal women who may have more hair growth in 
their perimenopausal years due to an increased produc- 
tion of adrenal androgens. Women with greater eleva- 
tions in androgen levels have virilizing symptoms such 
as balding, deepening of the voice, increased libido, or 
decreased body fat. Virilization is not typical of idio- 
pathic hirsutism or the polycystic ovary syndrome and 
suggests a more serious disorder. Women should be 
carefully questioned about symptoms associated with 
specific underlying diseases. For example, those with 
the polycystic ovary syndrome may have amenorrhea, 
oligomenorrhea, infertility, or obesity. A recent weight 
gain with a cushingoid body habitus and hypertension 
suggests Cushing's syndrome, whereas flank pain or a 
mass coupled with weight loss may be due to an adren- 
al cancer. Finally, the use of prescribed medications or 
anabolic steroids should be carefully reviewed. 

The examination is directed at documenting the 
extent and distribution of terminal hair and uncovering 
any clues as to an underlying cause. Hirsutism can be 
quantitated by the use of the Ferriman and Gallwey 
score.' The extent of hirsutism is evaluated in nine body 
areas — upper lip, chin, chest, upper arms, upper 
abdomen, lower abdomen, thighs, and upper and lower 
back — and each area is given a point score of 0 (no hir- 
sutism) to 4 (overtly virile). A total score of 8 or higher 
is consistent with the diagnosis of hirsutism. Physical 
findings of virilization include receded temporal hair, 
increased laryngeal size, decreased body fat, atrophied 
breasts, masculine musculature, and clitoromegaly (a 
clitoris of greater than 1.0 cm in diameter). Patients with 
Cushing's syndrome may have acne, purple striae, or 
centripetal obesity. A bimanual pelvic examination is 
done to exclude an ovarian mass, which is found in 
about half of women with ovarian tumors, or enlarged 
ovaries (polycystic ovary syndrome). 

Laboratory Evaluation 

In women who are presumed to have the polycystic 
ovary syndrome or idiopathic hirsutism, only a limited 
laboratory evaluation is required. For women with sus- 
picious historical or physical findings, a more extensive 
laboratory evaluation is done to exclude androgen- 
secreting adrenal or ovarian tumors, Cushing's syn- 
drome, or the nonclassic form of congenital adrenal 
hyperplasia. The two most important screening tests are 
measurements of total serum testosterone and DHEAS 
levels. Testosterone levels of greater than 7 nmol per 
liter (2.0 ng per ml) suggest the presence of an andro- 
gen-secreting ovarian or adrenal tumor, and DHEAS 
levels of greater than 19 u,mol per liter (700 fjLg per dl) 
suggest an adrenal tumor. 7 Elevations of testosterone and 
DHEAS levels to this degree are not specific for a neo- 
plastic cause, as they can also be found in 50% of 
women with benign disorders. Testosterone and DHEAS 
levels below these thresholds, however, essentially 
exclude an androgen -secreting tumor. For women with 
abnormally elevated testosterone levels and normal 
DHEAS levels, a search for an ovarian tumor is begun 
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with ultrasonography, computed tomography (CT), or 
magnetic resonance imaging (MRI) of the pelvis. If both 
testosterone and DHEAS levels are abnormally elevated, 
then a radiologic evaluation of the adrenal glands is per- 
formed with MRI or CT. 

To exclude the possibility of Cushing's syndrome, a 
24-hour urine specimen is collected and submitted for 
free Cortisol determination. A urine free Cortisol concen- 
tration of greater than 275 nmol per day (100 u*g per 24 
hours) is considered abnormal. Alternatively, the patient 
may be given an overnight dexamethasone suppression 
test in which 1 mg of dexamethasone (2 mg for obese 
women) is given orally at 1 1 pm, with a serum Cortisol 
level measured at 8 am the next morning. Normally, dex- 
amethasone will suppress Cortisol values to less than 140 
nmol per liter (5 jxg per dl). Women having a nonsup- 
pressed serum Cortisol level or abnormal urinary free 
Cortisol concentrations are referred for complete 
endocrinologic evaluation. To evaluate for 21-hydroxy- 
lase-deficient nonclassic congenital adrenal hyperpla- 
sia, a morning plasma 17a-hydroxyprogesterone level is 
measured. A 1 7a-hydroxyprogesterone level of 6.0 
nmol per liter (2.0 ng per ml) or lower rules out this 
adrenal gland deficiency. 5 A women with a 17a-hydroxy- 
progesterone level above 6.0 nmol per liter should be 
referred for adrenocorticotropic hormone (ACTH; corti- 
cotropin)-stimulated testing. 

The diagnosis of the polycystic ovary syndrome can 
be confirmed with laboratory determinations of serum 
testosterone, DHEAS, LH, and FSH levels. In the poly- 
cystic ovarian syndrome, the total testosterone level is 
modestly elevated in 40% to 60% of patients. In women 
found to have normal testosterone levels, the levels of 
free testosterone will usually be elevated. The DHEAS 
level is normal or occasionally slightly elevated, and the 
LH:FSH ratio is usually greater than 2.5. Pelvic ultra- 
sonography is not required unless an ovarian mass is 
found on pelvic examination; however, in obese women 
in whom the pelvic examination is difficult, an ultra- 
sonogram may be helpful. Enlarged polycystic ovaries 
are found infrequently and usually in women who man- 
ifest other features of the polycystic ovary syndrome, 
such as obesity, oligomenorrhea, or amenorrhea. 

Treatment 

Mechanical methods of hair removal are an effective 
adjunct for the control of hirsutism and may be the most 
appropriate therapy for women with limited areas of 
unwanted hair growth. For women with widespread hir- 
sutism, combining medical therapy with shaving, pluck- 
ing, waxing, or electrolysis can result in a more rapid 
response. In addition, women who have previously 
abandoned these physical methods may wish to resume 
these measures after medical therapy has slowed the rate 
of new hair growth. The most common adverse effects 
are skin irritation (bleaching, chemical depilatories), pit- 
ting or scarring (electrolysis), or folliculitis (plucking, 
waxing). Shaving is considered the safest method of 
temporary hair removal and, contrary to popular belief, 
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once hair is shaved, it does not return in a darker or 
thicker state. 

For women found to have an ovarian or adrenal tumor, 
Cushing's syndrome, or 21 -hydroxy lase-deficient non- 
classic congenital adrenal hyperplasia, appropriate refer- 
ral should be made for specific therapy. Most women's 
hirsutism will be caused by the polycystic ovary syn- 
drome or idiopathic causes, and medical therapy can be 
offered. Treatment is more effective at preventing further 
hair growth than reversing long-established hirsutism, 
and therefore, women with the recent onset of hirsutism 
are more likely to respond to treatment than those with 
long-standing hirsutism. In addition, because hair growth 
is inherently a slow process, patients are advised that an 
observable response may not be evident in the first three 
to six months. Finally, determining a therapeutic 
response is often difficult. Although the Ferriman- 
Gallwey score is useful, it is often cumbersome and 
hampered by the concomitant use of mechanical methods 
of hair removal. A patient's subjective evaluation of her 
hair growth may be the only measure of successful ther- 
apy, with often the most useful measure of success being 
a reduction in the time a woman spends removing 
unwanted hair. 

Medical therapy for hirsutism may be directed at sev- 
eral levels (Table 2). Drugs can suppress ovarian or 
adrenal androgen secretion or block the action of andro- 
gens in target hair follicles. If a hormone abnormality 
has been determined, then therapy is directed at revers- 
ing that abnormality. For example, a woman with an ele- 
vated testosterone level is given drugs that suppress 
ovarian androgen production. Women with normal 
testosterone concentrations are presumed to have an 
increased end-organ sensitivity to androgens and there- 
fore are more likely to respond to drugs that antagonize 
the tissue effects of androgens. 

Suppressing Ovarian Androgen Production 

Oral contraceptives are the most commonly used 
method to suppress ovarian androgen production. 
Progestins inhibit gonadotropin secretion, thereby 
reducing ovarian-stimulated androgen secretion. The 
estrogen component stimulates the hepatic synthesis of 
SHBG, which binds circulating testosterone, and lowers 
the amount of free testosterone available to hair follicles. 
This is especially helpful in women with the polycystic 
ovary syndrome who often have lower SHBG levels. 

When prescribing oral contraceptives, clinicians must 
be aware of the possible androgenic activity of the prog- 
estational component. 19-Nortestosterone derivatives, 
such as norgestrel, norethindrone, levonorgestrel, and to 
a lesser extent, ethynodiol diacetate and lynestrenol, 
show partial androgen activity, especially at higher 
doses. 8 The dose of these progestins should be kept to a 
minimum. The use of a combination of ethinyl estradiol 
(35 M-g) and ethynodiol diacetate (1 mg) found in 
Demulen 1/35 has often been recommended for this rea- 
son. Newer progestins, such as desogestrel, gestogen, 
and norgestimate, have no important androgenic activity 
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TABLE 2.— Medical Management of Hirsutism 


Diagnosis 


Medication (Proprietary Name) 


Ovarian androgen suppression . . 


. . Oral contraceptives 




GnRH agonist 




Pepot leuprolide (Lupron Depot) 




Nafarelin acetate (Synarel) 




Cyproterone acetate* (Androcur, 




p\zm) 


Adrenal androgen suppression . . 


. . Glucocorticoids 




Finasteride (Proscar) 


Antiandrogens 


. , Spironolactone (Aldactone) 




Cyproterone acetate* (Androcur, 




Diane) 


Gr.RH - gonadotrq^fweleasing hormone 




*Hot *va's&&« in the United States. 




tinhibUion of testosterone to dihydrotettotferone 



and should be advantageous in treating hirsute women. 
Oral contraceptives combining low-dose estrogen and 
these nonandrogenic progestins include Desogen, 
Ortho-Cept, Ortho-Cyclen, and Ortho Tri-Cyclen. 
Although these oral contraceptives offer a theoretic 
advantage, comparisons of different oral contraceptives 
with regards to their effects on hirsutism are lacking. 

The response to oral contraceptive use varies, but it is 
more likely to occur in women with elevated testos- 
terone levels. The efficacy of oral contraceptive use for 
the treatment of hirsutism has recently been questioned.* 
It may be that a few hirsute women will have substantial 
improvement with oral contraceptive treatment alone. 
Until further studies are available, oral contraceptives 
continue to be a first-line treatment for the majority of 
women with hirsutism. These hormones have the added 
benefits of regulating menses and ensuring contracep- 
tion in women taking antiandrogens. 

Gonadotropin-releasing hormone (GnRH) agonists 
used long term can suppress ovarian androgen produc- 
tion in hirsute women. The long-term use of these ago- 
nists alone, however, often leads to hypoestrogenic side 
effects such as hot flashes, osteoporosis, and urogenital 
atrophy. Therefore, they are combined with oral contra- 
ceptives or conjugated estrogens and progestins in the 
treatment of hirsutism. ,w 1 The GnRH agonists used in 
the treatment of hirsutism include nafarelin acetate as an 
intranasal spray given 400 \xg twice a day, or depot 
leuprolide acetate, 3.75 mg monthly. The use of GnRH 
agonists for the treatment of hirsutism is severely limit- 
ed by cost, and therefore therapy with GnRH agonists 
should be reserved for moderate to severe hirsutism that 
is unresponsive to oral contraceptive alone or combined 
with antiandrogens. 

Adrenal Androgen Suppression 

Glucocorticoids are used to suppress ACTH-stimulat- 
ed adrenal androgen production and therefore are useful 
for patients with the nonclassic form of congenital 
adrenal hyperplasia. Treatment may be initiated with 
dexamethasone, 0.25 to 0.5 mg; prednisone, 2.5 to 5.0 
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mg; or hydrocortisone, 10 to 20 mg. Glucocorticoids are 
administered in the evening or at bedtime to suppress the 
nightly ACTH surge. 

5a-Reductase Inhibitors 

Finasteride is the only 5ct-reductase inhibitor avail- 
able in the United States. Finasteride blocks the conver- 
sion of testosterone to dihydrotestosterone, thereby 
inhibiting the androgen effects on the hair follicle. 
Finasteride has been approved by the Food and Drug 
Administration (FDA) for the treatment of benign pro- 
static hypertrophy, but not for hirsutism. Studies have 
compared the use of finasteride with that of spironolac- 
tone (an antiandrogen) and found them to have equal 
effectiveness in the treatment of hirsutism." The use of 
both finasteride and spironolactone decreased terminal 
hair diameters by 14% and improved the Ferriman- 
Gallwey scores by 11%. Finasteride use is well tolerat- 
ed, but studies of animals have reported ambiguous gen- 
italia in male offspring of treated females, and therefore 
finasteride should not be used during pregnancy and 
should be combined with a reliable method of contra- 
ception, such as oral contraceptives. 

Antiandrogens 

One of the most useful group of medications for the 
treatment of hirsutism are the antiandrogens. These drugs 
competitively inhibit the binding of testosterone and 
dihydrotestosterone to their respective receptors. The 
most commonly used antiandrogen is spironolactone, 
which is an aldosterone antagonist commonly used as a 
potassium-sparing diuretic. Spironolactone has the addi- 
tional property of competitively binding to dihy- 
drotestosterone receptors, thus limiting the response of 
tissues to endogenous androgens. Although not approved 
by the FDA for the treatment of hirsutism, several stud- 
ies have shown it to be an effective drug for this indica- 



tion. 13,14 Therapy is started with a dosage of 50 mg twice 
a day, which is then increased to 100 mg twice a day if 
no response is seen after three months. Half to three quar- 
ters of women will have a noticeable improvement with 
spironolactone. Adverse effects are more common at 
higher doses and include irregular menses (25%), gas- 
trointestinal cramping, diarrhea, nausea, lethargy, and 
headache. Hyperkalemia may occur, especially in elderly 
women, in women with diabetes mellitus, or if taken with 
other drugs that may increase serum potassium levels 
(angiotensin-converting enzyme inhibitors). Therefore, 
periodic monitoring of serum potassium levels is recom- 
mended. Spironolactone should not be used in pregnan- 
cy, and appropriate contraception must be recommended. 
Combinations of oral contraceptives and spironolactone 
are, therefore, commonly prescribed for the treatment of 
hirsutism, to ensure contraception, and to regulate the 
menses. 

Flutamide is a potent, nonsteroidal, selective antian- 
drogen without progestational or estrogenic activity that 
has been effective in the treatment of hirsutism. 9 
Flutamide is given at a dosage of 250 mg twice a day 
combined with an estrogen-containing oral contracep- 
tive. Adverse effects include dry skin and increased 
appetite. A major concern with flutamide is a potential- 
ly fatal drug-induced hepatitis that occurs in 0.5% of 
patients given this drug. Flutamide use can also cause 
ambiguous genitalia in male offspring, and therefore, 
contraception must be maintained. Its use is not recom- 
mended for the routine treatment of hirsutism due to its 
expense and possible toxic side effects. 

Cyproterone acetate has properties of both a potent 
progestin and a moderately potent antiandrogen. 
Cyproterone acetate, therefore, acts at two levels in the 
pathophysiologic process of hirsutism. It competitively 
inhibits the binding of dihydrotestosterone to its cyto- 
plasmic receptor and also inhibits gonadotropin secre- 



TABLE 3.— Guidelines for the Treatment of Hirsutism 

Diagnosis - ; . \^;^lierf-7hfn^ Ocg^V , , /Aitemaihe Therapy, Dosage* 

Polycystic ovary syndrome Oral contraceptives {Demuten 1/35, Desogen, Ortho-Cept, Finasteride (Proscar), 5 mg qd 

Ortho-Cyden, or Ortho Tri-Cyden) CnRH agonist (Lupron Depot), 

Spironolactone (Akiactone), 50 to 100 mg bid 3.75 mg monthly 

Idiopathic ........... ........... .: ; Oral contraceptives (Demulen 1/35, Desogen/ Ortho-Cept, Finasteride (Proscar), 5 mg qd 

Ortho-Cyden, or Ortho Tri-Cyden) 

: Spironolactone (Aidactone), 50 to 1 00 mg bid CnRH agonist {Lupron Depot), 

3.75 mg monthly 

Nondassic congenita! adrenal hyperplasia ... Glucocorticoids: prednisone, 5 mg qhs; or dexamethasone, 0.25 mg qhs 

Cushing's syndrome . ■ , . Surgical excision of ACTH-secreting pituitary adenoma or ectopic 

ACTH-secreting tumor; adrenalectomy for adrenal hyperplasia 

Adrenal tumor Surgical excision 

Ovarian tumor Surgical excision 

Drug-induced Discontinue medication 

ACTH * adrenocorticotropic hormone, bid • twice a day, CnRH - gonadotro^-feteaslng hormone qd = daily, qhs « every might at bedtime \ 

*Propri«ary names are given in parentheses. Oenwien 1/35-21 (CD Searie & Co) contains ethynodio! diacetate, 1 mg, and ethinyl estradiol, 35 pg. Opsogen (Organoii inc.) contains daogesirei, 0.1 S mg, 
and ethinyl estradiol, 0.03 mg. Ortho-Cept 21 (Ortho Pharmaceutical Corp) contains desogestfej, 0.15 mg, and ethinyl estradiol, 0.01 mg. Ortho-Cyden 21 (Ortho Pharmaceutical Corp) contains norgestimate, 
0.25 rotfe and ethinyl estradiol, 0.035 mg. Ortho-Tricycten (Ortho Pharmaceutical Corp) contains rwgetfimate, CIS mg, and ethinyl estradiol, 0.035 mg, Lupron Depot (TAP Pharmaceuticals) contains 375 mg 
of teuprofide acetate. : 



W)M, December 1996— Vol 165, No. 6 



tion because of its progestational properties." 16 An oral 
contraceptive using cyproterone acetate as the progestin 
would appear to be well suited for the treatment of hir- 
sutism. Cyproterone acetate is not available in the 
United States in any form, but it is available as a single 
agent (Androcur) or combined with estrogen in an oral 
contraceptive (35 or 50 u-g of ethinyl estradiol and 2 mg 
of cyproterone acetate) in Europe, Canada, and Mexico 
(see Table 2). Drug-induced hepatitis is a rare complica- 
tion that may require periodic monitoring of liver 
enzyme levels. 

Treatment Guidelines 

Initial therapy for women with hirsutism due to the 
polycystic ovary syndrome or idiopathic causes can be 
started with spironolactone or oral contraceptives (Table 
3). Certainly, in women with menstrual irregularities or 
contraceptive concerns, oral contraceptives are consid- 
ered a first-line agent. Spironolactone is generally well 
tolerated and usually efficacious. Women who are intol- 
erant or nonresponsive to spironolactone use may be 
given a trial of finasteride combined with an estrogen- 
containing oral contraceptive. In women with severe hir- 
sutism who are not responsive to the use of an ti andro- 
gens, oral contraceptives, and finasteride, the use of 
GnRH agonists should be considered. Finally, if hir- 
sutism continues or worsens despite these treatment 
modalities, the clinician should consider reevaluating for 
a serious underlying disorder. 
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After a Single Oral Dose and During Chronic Treatment 
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Summary. Flutamide is a nonsteroidal antiandrogen 
used in the treatment of prostatic carcinoma. We 
have investigated the disposition of flutamide and 
its two major metabolites in ten urological in-pat- 
ients without significant liver or renal disease. 

After oral administration flutamide is absorbed 
from the gastrointestinal tract with a t max of about 
2h. 

Flutamide undergoes extensive first-pass metab- 
olism, and its major metabolites are 2-hydroxyflut- 
amide and the hydrolysis product 3-trifluoromethyl- 
4-nitroaniline. 

After the oral administration of a single dose of 
250 mg or 500 mg maximum flutamide plasma con- 
centrations of 0.02 and 0.1 jig ml"* 1 respectively 
were observed. Maximum plasma concentrations of 
2-hydroxyflutamide for the same flutamide doses 
were 1.3 and 2.4|i,g-ml -1 (mean of n = 2 or w= 3). 

Steady-state concentrations of the biologically 
active metabolite 2-hydroxyflutamide (0.94 ±0.23 
u-g-ml -1 , mean±SD, n=5) were found at 2-4 days 
after the administration of 250 mg every 8 h. 

The area under the plasma concentration time 
curve for 2-hydroxyflutamide averaged 11.4 (10.6 
and 12.1) and 24.3 (21.5-29.4, n = 3) [ig-ml-^h for 
250 mg and 500 mg flutamide orally. 

2-Hydroxyflutamide and 3-trifluoromethyl-4-ni- 
troaniline were eliminated monoexponentially with 
half-times of 4.3-21.9 and 4.3-17.2 h («=5) respec- 
tively. 

Key words: flutamide, prostate carcinoma; 2-hy- 
droxyflutamide, pharmacokinetics, antiandrogen, 
first-pass metabolism 



Flutamide (3'-trifluoromethyl-4'-nitro-2-methyl-pro- 
pinoylanilide) is a nonsteroidal antiandrogen de- 
void of other hormonal activity [1, 2] and effective 
in the management of patients with advanced pros- 
tatic cancer [3-7]. 

In 1975 Katchen and Buxbaum [8] described the 
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disposition and metabolism of 3 H-flutamide after a 
single oral dose of 200 mg in three healthy men. Its 
active metabolite is the hydroxylated derivative 2- 
hydroxyflutamide [8, 9], which has a lower IC50 
(half maximum inhibitory concentration) than flut- 
amide in specific binding experiments with ^-tes- 
tosterone as ligand in various mouse, rat, and 
human androgen-sensitive tissues (0.98 jxmol • 1 ~ 1 
vs. 6.9u,mol-l~ 1 for cytosol from human prostate 
cancer) [10]. 

Knowledge of the pharmacokinetics of flut- 
amide and its metabolites in patients is scanty. We 
have therefore investigated the disposition of flut- 
amide, 2-hydroxyflutamide, and its hydrolysis prod- 
uct 3-trifluoromethyl-4-nitroaniline in ten urological 
in-patients, five with prostatic adenoma and five 
with prostatic carcinoma, after the oral administra- 
tion of flutamide. 

Some of these results were presented at the In- 
ternational Workshop "Endocrine Manipulation of 
Prostatic Tumour Growth", Heidelberg, August 15, 
1986 and at the 10th International Congress of 
Pharmacology, Sydney, 1987. 

Patients, Materials, and Methods 

Flutamide, 2-hydroxyflutamide, and 3-trifluoro- 
methyl-4-nitroaniline were gifts of Schering Corpo- 
ration (Bloomfield, NJ, USA). All other chemicals 
were of the purest grade and obtained from Merck 
(Darmstadt, FRG). 

Study 1 

After they had given their informed consent five 
urological in-patients (Table 1) took 250 mg flut- 
amide orally after meals every 8h for 4-5 days. 
Blood samples were collected every day before the 
morning dose. 

Study 2 

After they had given their informed consent five 
urological in-patients (Table 1) received a single 
oral dose of 500 mg («=3) or 250 mg (n=2) flut- 
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Table 1. Patient data 



Subject 


Age 


weignt 


Smoker 


Creatinine 




Total 


Other drugs 






clearance 




bilirubin 






(years) 


(kg) 


(±) 


(ml- min -1 ) 


(IM" 1 ) 


(urnoll- 1 ) 




Study! 
















W.FL 


76 


71 


— 


45 


156 


14 


co-trimoxazole triamterene, hydrochlorothiazide 


K.S. 


69 


75 


— 


74 


132 


10 


co-trimoxazole, digoxin 


J.G. 


60 






Of 


L i / 


c 
3 


meuunizoie, spabiuoiyuuo, co-inniuAazuic 


H.J. 


59 


72 


z 


62 


162 


7 


co-trimoxazole 


H.W. 


77 


78 


+ 


40 


138 


29 


co-trimoxazole, spasmolytics, tilidine, tramadole, 
















norfloxacin, benzodiazepines 


Mean 


68.2 


74.8 




57.6 


161 


13 




(±SD) 


(8.5) 


(3.3) 




(14.5) 


(34) 


(10) 




Study 2 
















H.H. 


64 


75 




66 


157 


10 


aspirin, tramadole 


W.S. 


71 


75 




48 


262 


5 


paracetamol, flurazepam 


H.B. 


65 


60 


+ 


48 


260 


7 


tilidine, co-trimoxazole, benzodiazepines 


J.W. 


82 


74 


+ 


60 


216 


10 




W.G. 


70 


65 


+ 


63 


146 


5 


salicylates, pyrazolones, benzodiazepines 


Mean 


70.4 


69.8 




57.0 


208 


7 




(±SD) 


(7-2) 


(6.9) 




(8.5) 


(55) 


(3) 






B C 



Fig. 1 A-C. Capillary gas chromatograms of 3-trifluoromethyl-4- 
nitroaniline (peak 1), flutamide (peak 2). and 2-hydroxyflutamide 
(peak 3). A: blank plasma; B: plasma spiked with flutamide, 2- 
hydroxyfiutamide, and 3-trifluoromethyl-4-nitroaniline 250 ng- 
ml" 1 each, i.e. 25 pg onto the column; C: plasma sample 8h 
after the oral administration of 250 mg flutamide 

amide orally after a meal. Blood samples (10 ml) 
were drawn before administration and at 0.5, 1, 2, 4, 
6, 8, 12, 24, 32, 40, 48, and 60 h after administration. 

In both studies the blood samples were immedi- 
ately centrifuged and the plasma kept frozen 



( — 20° C) until analyzed by a specific and rapid gas 
chromatographic method (Fig.l). 

Analytical Methods 

100 u,l of plasma were diluted with the same volume 
of 1 M phosphate buffer (pH 6.8). Ethyl acetate 
(1 ml) was added, vortex-mixed for 5 min (Eppen- 
dorf mixer 5432), and centrifuged at 8800 g (Eppen- 
dorf centrifuge 5413) for 1 min. Hie ethyl acetate 
layer was dried with approximately 50 mg anhy- 
drous sodium sulphate and 1 ul of the supernatant 
was injected into the gas chromatograph (Varian 
GC 3700, Darmstadt, FRG). For the determination 
of flutamide and for plasma samples containing 
SOng-ml^ 1 2-hydroxyflutamide or 3-trifluoro-me- 
thyl-4-nitroaniline or less the organic layer was 
dried at 70° C under a gentle stream of nitrogen. 
Toluene (100 ul) was added and 1 ul injected into 
the GC. 

Gas chromatographic analysis was performed 
on a 10 m x 0.53 mm fused silica capillary column 
RSL300 (polyphenylmethylsiloxane). Oven: 180° C 
isotherm; injection temperature: 270° C; detection: 
63 Ni-ECD, 320° C: carrier gas: nitrogen 10 ml- 
min" 1 ; make-up gas: 30 ml* min" 1 . 

The detection limits for 3-trifluoromethyl-4-ni- 
troaniline, flutamide, and 2-hydroxyflutarnide were 
lOng-ml"" 1 in each case, using 100 ul plasma. The 
retention times were 0.8 min (3-trifluoromethyl-4-ni- 
troaniline), 1.9 min (flutamide), and 2.4 min (2-hy- 
droxyflutamide), The peak areas (CI-10 print- 
er/plotter, LDC/Milton Roy, Hasselroth, FRG) 
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Time (days) 



2-hydroxyflutanide 




0 2 4 6 8 10 12 



Fig. 2. Plasma concentrations (8.00 a.m.) of 2- 
hydroxyflutamide in five patients during re- 
peated oral dosing with 750 mg flutamide per 
day (CD-RW., V «= W.K., • -K.S., o = H.J., 
x = J.G.) 



Fig. 3. Plasma concentrations of flutamide 
metabolites after a single oral dose of 500 mg 
flutamide (Patient: H.H.) 



Time (h) 



of flutamide, 2-hydroxflutamide, and 3-trifluoro- 
methyl-4-nitroaniline were linear in each case over a 
range of 0-500 pg (r> 0.985). Plasma concentrations 
of flutamide and its two metabolites were deter- 
mined with a calibration curve using drug-free plas- 
ma (blood bank) spiked with 20-250 ng- ml" 1 flut- 
amide, 50-2000 ng- ml" 1 2-hydroxyflutamide, and 
50-500 ng • ml " 1 3-trifluoromethyi-4-nitroaniline 
(r> 0.985). The within-assay coefficient of variation 
was 7%. Recovery averaged 85%. 

The area under the plasma concentration time 
curve (AUC) was calculated by the linear trapezoi- 
dal method. The values given in the text and tables 
are means with SD. 



Results 



Study I 

Eight hours after the oral administration of the 
usual clinical dose (250 mg flutamide every 8 h) no 
unmetabolized flutamide was detected. Steady-state 
concentrations of the biologically active metabolite 
2-hydroxyflutamide were found after 2-4 days 
(Fig. 2). Steady-state concentrations of 2-hydroxy- 
flutamide and 3-trifluoromethyl-4-nitroaniline aver- 
aged 0.94 ±0.23 and 0.21 ±0.09 ug- ml* 1 (range: 
0.58-1.34 and 0.11-0.35 ^g-ml -1 ) respectively. 



636 

Table 2. Pharmacokinetics of flutamide (F), 2-hydroxyflutamide 
(OH-F), and 3-trifluoromethyl-4-nitroaniline (Metabolite-II) af- 
ter the oral administration of 250 mg or 500 mg flutamide to five 
patients with prostate carcinoma 



Subject 


H. H. 


w.s. 


H. B. 


J. w. 


W. O. 


(Dose, mg) 


(500) 


(500) 


(500) 


(250) 


(250) 


tma* (h) 












F 


2 


1 


4 


1 


0.5 


OH-F 


4 


2 


4 


1 


3.5 


Metabolite-II 


4 


2 


4 


2 


3.5 


Cnax (u^-ml -1 ) 












F 


0.06 


0.18 


0.05 


0.01 


0.02 


OH-F 


1.78 


2.09 


3J8 


1.29 


1.32 


Metabolite-II 


0.24 


0.51 


0.32 


0.19 


0.35 


tt/2 (h) 












OH-F 


9.7 


21.9 


8.4 


4.3 


6.6 


Metabolite-II 


15.0 


17.2 


14.4 


4.3 


8.7 


AUC Oig ral-' h) 












OH-F 


22.0 


21.5 


29.4 


10.6 


12.1 



Study 2 

After a single oral dose of flutamide, 250 mg or 
500 mg, 2-hydroxyflutamide was the main compo- 
nent in the plasma at all measured points of time. 
Maximum plasma concentrations of 2.4±0.7p,g- 
ml -1 (range: 1.78-3.38) and 0.1 ±0.06 jig -ml-" 1 
(range: 0.05-0.18) for 2-hydroxyflutamide and its 
parent compound flutamide respectively (500-mg 
dose) were observed after 3.3 ±1.2 and 2.3 ± 1.5 h. 
The plasma concentrations of 2-hydroxyflutamide 
and 3-trifluoromethyl-4-mtroaniline fell monoex- 
ponentially with half-times of 4.3-21.9 h (Fig. 3, 
Table 2). 

The area under the plasma concentration time 
curve for 2-hydroxyflutamide was approximately 
two-fold higher after the oral administration of 
500 mg flutamide than after a 250 mg dose (Table 2). 

Discussion 

After oral administration flutamide is absorbed 
from the gastrointestinal tract and is mainly meta- 
bolized to the active metabolite 2-hydroxyflutamide 
during the first passage through the liver. Hydroxy- 
lation at this position is an uncommon metabolic 
process, and one would usually expect hydroxyla- 
tion of the primary carbon atom or the aromatic 
ring. The final step in the elimination of flutamide is 
glucuronidation after hydroxylation of the aromatic 
ring [8]. During the administration of the usual dose 
of 250 mg flutamide three times a day, steady-state 
concentrations of the active metabolite 2-hydroxy- 
flutamide were reached within 2 to 4 days at most 
These experimental data agree with the theoretical 
values expected from the calculated half-times. The 
elimination half-times of 2-hydroxyflutamide and 3- 
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trifluoromethyl-4-nitroaniline seem to be longer 
after a 500-mg than after a 250-mg flutamide oral 
dose. However, the present data are not sufficient to 
decide whether the interindividual differences be- 
tween the two single oral doses are statistically sig- 
nificant or not. 

After the oral administration of a single 200-mg 
dose of 3 H-flutamide to three healthy men Katchen 
and Buxbaum found mean maximum plasma con- 
centrations of 48ng rnl _1 flutamide equivalents 
after 1-2 h. Maximum 2-hydroxyflutamide plasma 
concentrations of SSSng-ml*" 1 flutamide equiva- 
lents, on average, were found after 2h. Maximum 
plasma concentrations of 3-trifluoromethyl-4-ni- 
troaniline of about 220ng-ml~ 1 flutamide equiva- 
lents were observed after 2-4 h [8]. These data are in 
good agreement with the data presented here. 
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Tobias, J. H., A. Gallagher, and T. J. Chambers. 

5a-Dihydrotestosterone partially restores cancellous bone vol- 
ume in osteopenic ovariectomized rats. Am, J. Physiol. 267 
(Endocrinol. Metab. 30): E853-E859, 1994. — Although andro- 
gens are thought to be important for skeletal maintenance in 
females and males, little is known about the mechanisms 
involved. To investigate this question further, we examined 
the effects of administering 0.01, 0.1, or 1.0 mg/kg 5a- 
dihydrotestosterone (DHT) for 60 days on the skeleton of 
ovariectomized rats. Treatment was delayed until 90 days 
after ovariectomy to enable bone loss to stabilize. We found 
that ovariectomy markedly reduced cancellous bone volume of 
the proximal tibial metaphysis due to a combination of loss and 
thinning of trabeculae. Cancellous bone volume was partially 
restored by all doses of DHT, with trabecular thickness, but 
not number, returning to that of sham-operated animals. DHT 
also stimulated longitudinal bone growth and endosteal and 
periosteal bone formation and suppressed histomorphometric 
indexes of cancellous bone resorption. This suggests that DHT 
influences skeletal metabolism in osteopenic ovariectomized 
rats both by stimulating bone formation and suppressing 
resorption, although it is unclear which, if any, of these actions 
predominate at cancellous sites. 

androgens; bone formation; bone resorption 



HYPOGONADISM IN MEN is associated with osteopenia (9, 
13) that is partially reversed by testosterone treatment 
(8, 13), suggesting that androgens play a physiological 
role in skeletal maintenance in the male. Furthermore, 
this role may extend to females, since serum testoster- 
one has been found to correlate with bone mass in 
premenopausal women (3). In addition, investigations 
into the use of androgen-related anabolic steroids in the 
treatment of women with postmenopausal osteoporosis 
generally report an increase in bone mass (6, 11, 17). 
However, studies in both men (1, 10, 24) and women (2, 
5, 6) have failed to resolve whether this reflects a 
predominantly anabolic or antiresorptive action. 

The mechanisms by which androgens influence skel- 
etal metabolism have been addressed using male rats, in 
which androgens are also important for skeletal mainte- 
nance (25, 27-29). As in clinical studies, androgens were 
found both to stimulate bone formation (30) and to 
suppress resorption (27, 28). Moreover, in a recent 
study, administration of the androgenic antagonist flu- 
tamide was found to cause loss of skeletal calcium from 
female rats, attributed to a reduction in bone formation 
(12). However, although this suggests that androgens 
are also important in regulating bone formation in 
female rats, no study has examined the effect of andro- 
gens on specific skeletal sites in these animals. 

To investigate the mechanisms involved in androgen's 
action on the female skeleton, we therefore carried out a 



histomorphometric assessment of the effects of andro- 
gen administration in female rats. Because the ovaries 
are the major source of androgens in ovulating animals, 
we used ovariectomized (OVX) rats, delaying treatment 
until 90 days after ovariectomy to enable cancellous 
bone volume to stabilize (30). To reduce the possibility 
of effects of androgen treatment being due to aromatiza- 
tion, we used the nonaromatizable 5o>dihydrotestoster- 
one (DHT; see Ref. 16). 

MATERIALS AND METHODS 

Female Wistar rats (13 wk old) obtained from the St. 
George's Hospital Medical School stock were OVX under 
halothane anesthesia using a dorsal approach or subjected to 
sham ovariectomy (sham). They were then divided into one 
group of seven sham animals and five groups of seven OVX 
animals and housed at 21°C with a 12:12-h light-dark cycle. 
Food (Rat-mouse Diet I; Special Diet Services, Witham, Essex, 
UK) and water were available ad libitum. DHT (Sigma, Poole, 
Dorset, UK) was dissolved in 5% benzyl alcohol (Sigma) and 
95% corn oil (Sigma). DHT [0 (i.e., vehicle alone), 0.01, 0.1, or 
1.0 mg/kg] was then given by daily subcutaneous injection for 
60 days, delaying treatment until 90 days after ovariectomy. 
To provide a pretreatment baseline value for cancellous bone 
volume (BV/TV), one group of OVX animals was killed 90 days 
after ovariectomy, before the start of the 60-day treatment 
period. Tetracycline hydrochloride (25 mg/kg; Lederle Labora- 
tory, Gosport, Hants, UK) and calcein (30 mg/kg; Sigma) were 
administered intraperitoneally 1 and 5 days before the end of 
the experiment, respectively. Animals were maintained in 
accordance with the National Institutes of Health Guide for 
the Care and Use of Laboratory Animals. 

At the termination of the study, animals were weighed, bled 
by vena caval puncture under halothane anesthesia, and then 
killed by cervical dislocation. Uteri were subsequently re- 
moved and weighed. Success of ovariectomy was also assessed 
by measuring the serum concentration of 17p-estradiol by 
radioimmunoassay (Coat-a-Count; Diagnostic Products, Glyn 
Rhonwy, Gwynedd, UK). Right tibiae were subsequently freed 
from soft tissue, fixed in 70% alcohol for 48 h, then dehydrated 
through graded alcohols and embedded without decalcification 
in London resin (London Resin, Basingstoke, Hants, UK). 
Longitudinal sections of the proximal metaphysis were pre- 
pared using a Jung K microtome (Cambridge Instruments, 
Cambridge, Cambs, UK); 5-M-m sections were stained with 
toluidine blue, and 14-p.m unstained sections were prepared 
for fluorescence microscopy. Bone histomorphometry was 
performed using transmitted and epifiuorescent light micros- 
copy linked to a computer-assisted image analyzer (Perceptive 
Instruments, Halstead, Essex, UK). Bone volume and surface 
parameters were measured by tracing relevant features with a 
cursor on the video screen image. All sections were examined 
blind. 

BV/TV was assessed at the proximal tibial metaphysis on 
two nonconsecutive toluidine blue-stained sections for each 
animal. The standard area of 2.5 mm 2 employed, which was 
examined at x 25 magnification, was situated 1 mm from the 
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Table 1. Effect of 5a-dihydrotestosterone on body and 
uterine weight and serum 1 7 ^-estradiol 



Group 


Body Wt, 
g 


Uterine Wt, 
g 


17B-Estradiol, 
pg/ml 


Final Age, 
days 


Sham 


338 ± 12 


0.61 ±0.06 


36.8 ±12.3 


240 


OVX 90 days 


393 ± 10* 


0.16 ±0.01* 




180 


DHT, mg- 










kg" 1 day -1 










0 


409 ±15* 


0.12 ±0.01* 


13.5±2.1* 


240 


0.01 


425 ±15* 


0.12±0.01* 


12.9 ±2.3* 


240 


0.1 


454 ± 27t 


0.12±0.01* 


18.3 ±4.6* 


240 


1.0 


425 ±17* 


0.47 ±0.02* 


15.4 ±2.5* 


240 



Results show means ± SE for body weight, uterine weight, serum 
170-estradiol concentration, and final age of animals in sham rats and 
ovariectomized (OVX) animals killed after 90 days or subsequently 
given 5a-dihydrotestosterone (DHT) for 60 days. *P < 0.05 vs. sham; 
IP < 0.05 vs. sham and 0 DHT; tP < 0.05 vs. all other groups [by 
analysis of variance (AN OVA)]. 



growth plate. This distance was chosen to exclude both the 
primary spongiosa (maximum width 0.5 mm) and bone formed 
during the course of the experiment, as estimated from the 
product of treatment duration (60 days) and longitudinal 
growth rate (LGR; maximum 7.4 u.m/day). BV/TV was ex- 
pressed as percentage of tissue volume composed of bone. 
Trabecular thickness and number were calculated according to 
standard assumptions (19). Static parameters [osteoblast sur- 
face (Ob.S/BS), osteoclast surface (Oc.S/BS), and osteoclast 
number (NOc./BS)] were recorded at x 160 magnification in 
the same area as that used for BV/TV measurements. 

Fluorochrome measurements were made on two nonconsecu- 
tive unstained 14-u.m-thick sections per animal. Longitudinal 
bone growth was obtained from the distance between the 
tetracycline and calcein bands lying distal to the epiphyseal 
growth plate, and LGR was derived by dividing this distance by 
the time interval between the administration of these two 
labels. Fluorochrome-labeled trabecular surfaces were mea- 
sured at x 160 magnification throughout a corresponding area 
to that used for assessing bone volume. The proportion of 
trabecular surface covered by double fluorochrome label (dLS/ 
BS) was recorded, as was the mineral apposition rate (MAR), 
the latter being obtained by dividing the interlabel distance by 
the time interval between label administration. The bone 
formation rate (BFR/BS; tissue level, total surface referent) 
was obtained from the product of dLS/BS and MAR. Values 
for the apposition rate were not corrected for the obliquity of 
the plane of section of cancellous bone. 

Cross sections of the tibial diaphysis, consisting of 14-u,m 
unstained sections taken immediately proximal to the tibiofibu- 
lar anastomosis, were obtained for assessment of cortical 
parameters. The latter were assessed on two unstained diaphy- 
sis cross sections per animal as follows: total bone area, 
medullary area, cortical bone area (total bone area — medul- 
lary area), periosteal dLS/BS, MAR, and BFR/BS, and endocor- 
tical dLS/BS. Results from the histomorphometric analysis 
are expressed as the means ± SE. Statistical analysis was by 
Fisher's least-significant difference method for multiple com- 
parisons in a one-way analysis of variance. Tests were carried 
out with Statview 4.0 (Abacus Concepts, Cupertino, CA). 
Statistical significance was considered at P < 0.05. 

RESULTS 

As expected, ovariectomy led to an increase in body 
weight (Table 1). Body weight was also significantly 
greater in OVX animals treated with 0.1 mg/kg DHT 



compared with OVX animals given vehicle alone. Re- 
sults for uterine weight confirmed ovariectomy. In 
addition, 1.0 mg/kg DHT was found to increase uterine 
weight to an intermediate value between sham and OVX 
animals, consistent with a previous report that DHT 
exerts a uterotrophic effect at high doses (21). Serum 
concentration of 17|3-estradiol fell significantly after 
ovariectomy and was unaffected by treatment with 
DHT. 

Ovariectomy led to a marked decrease in BV/TV (Fig. 
1 and Table 2) due to a reduction in the number and 
thickness of trabeculae (Figs. 2, A and JB). Although 
indexes of cancellous bone formation and resorption 
were not significantly different between OVX rats given 
vehicle alone and sham animals, our results are consis- 
tent with bone turnover remaining elevated, albeit to a 
modest extent, by termination of the experiment 150 
days after ovariectomy (Tables 2 and 3). Age itself had 
little effect on cancellous bone formation and resorption, 
as judged by comparing these indexes in OVX animals 
killed 90 days after ovariectomy with those subse- 
quently treated with vehicle for 60 days. In contrast, 
OVX rats showed significant age-related decreases in 
longitudinal growth and periosteal and endocortical 
bone formation (Fig. 3 and Table 4). 

Treatment of OVX animals with 0.01, 0.1, and 1.0 
mg/kg DHT for 60 days was associated with a greater 
BV/TV than OVX animals either killed 90 days after 
ovariectomy or subsequently treated with vehicle alone 
for 60 days (Fig. 1 and Table 2). This increase in BV/TV 
after treatment with DHT was partly caused by a 
dose-responsive increase in trabecular number (Fig. 
2A). However, only 1.0 mg/kg DHT significantly in- 
creased trabecular number compared with the pretreat- 
ment OVX group, and, in all DHT-treated groups, 
trabecular number remained substantially below that of 
sham-operated animals. Our results also suggested that 
an increase in trabecular thickness had contributed to 
the gain in BV/TV after treatment of OVX animals with 
DHT (Fig. 2B). In contrast to the effect of DHT on 
trabecular number, all concentrations of DHT signifi- 
cantly increased trabecular thickness compared with the 
pretreatment OVX group, with this being restored, if 
anything, to above that of sham-operated animals. 

Static and dynamic indexes of cancellous bone forma- 
tion were similar in OVX animals given DHT or vehicle 
alone (Tables 2 and 3). However, the increase in dLS/BS 
and BFR/BS in OVX animals treated with 0.01 and 0.1 
mg/kg DHT reached significance compared with sham 
animals (Table 3). Although 0.01 and 0.1 mg/kg DHT 
had no significant effect on cancellous bone osteoclast 
indexes, these were reduced by 1.0 mg/kg DHT (Oc.S/BS 
and NOc./BS; Table 2). 

DHT was also found to cause dose-responsive stimula- 
tion of LGR (Fig. 3) and of periosteal MAR, dLS/BS, and 
BFR/BS (Table 4). In addition, 0.01 and 0.1 mg/kg DHT 
increased endosteal dLS/BS. In contrast, 1.0 mg/kg 
DHT suppressed endocortical dLS/BS, presumably re- 
flecting the tendency of this dose to suppress bone 
turnover. Despite these effects on cortical bone forma- 
tion, DHT had little effect on diaphyseal dimensions 
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Table 2. Effect of 5a-dihydrotestosterone on cancellous 
static histomorphometric parameters 



Group 



BV/TV, 

% 



Ob.S/BS, 



Oc.S/BS, 

% 



NOc./BS, 
n/mm 



Sham 

OVX 90 days 
DHT, mg 

kg -1 day" 

0 

0.01 

0.1 

1.0 



33.1 ±1.6 
10.4 ± 1.8* 



0.62 ±0.11 
1.37 ±0.39 



0.16 ±0.04 
0.23 ± 0.04 



0.06 ±0.01 
0.10±0.02 



9.4±1.8* 1.16±0.36 0.26±0.06 0.12±0.03 

15.7±2.7t 1.32 ±0.55 0.23 ±0.05 0.10 ±0.03 

17.0±1.6t 1.09±0.20 0.29±0.06 0.12±0.03 

18.8±1.2t 0.83 ±0.16 0.08 ±0.07* 0.04±0.03§ 



Results show means ± SE for cancellous bone volume (BV/TV), 
osteoblast surface (Ob.S/BS), osteoclast surface (Oc.S/BS), and osteo- 
clast number (NOc./BS) at proximal tibial metaphysis in sham 
animals and OVX rats killed after 90 days or subsequently given DHT 
for 60 days. *P < 0.05 vs. sham; tP < 0.05 vs. sham, OVX 90 days, 
and 0 DHT; %P < 0.05 vs. OVX 90 days, 0 DHT, and 0.1 DHT; §P < 
0.05 vs. 0 and 0.1 DHT (by ANOVA). 

over the duration of the study (Table 5). Cross-sectional 
and cortical areas were found to be greater in OVX 
animals than in sham animals when results from OVX 
groups were pooled (see Table 5), consistent with previ- 
ous reports of minor changes in diaphyseal area after 
ovariectomy in the rat (26). 

DISCUSSION 

We have found that DHT partially restores cancellous 
bone volume in female rats rendered osteopenic by 
ovariectomy. This increase reflected a net gain in bone 
volume, rather than the prevention of further bone loss, 
since DHT also increased bone volume compared with 
OVX rats killed immediately before the start of DHT 
administration. In previous studies of the effects of 
androgens in the rat, orchidectomy was noted to cause 
loss of cancellous bone in males (25, 27-29), which was 
prevented by giving androgens such as DHT (28). In 
addition, a microdensitometric study found that the 
anabolic steroid nandrolone decanoate increased bone 
mineral content in osteopenic OVX rats, although this 
effect was limited to the diaphysis (20). However, micro- 
densitometry does not accurately distinguish trabecular 
from cortical bone and does not enable the histodynamic 
assessment of bone formation and resorption. To our 
knowledge, there have been no previous histomorpho- 
metric assessments of the effects of androgens in female 
rats. 

The increase in bone volume after DHT administra- 
tion appeared to be due to an increase in both trabecular 
number and thickness. However, the effect on trabecu- 
lar thickness appeared stronger, since this was in- 
creased by all doses of DHT. Furthermore, DHT re- 
stored trabecular thickness, but not number, to that of 
sham-operated animals. In fact, it seems likely that 
agents that are able to increase cancellous bone volume 
of the human skeleton do so by enlarging existing 
trabeculae, rather than by causing their formation de 
novo. If so, the increase in trabecular thickness that we 
have found after treatment of OVX rats with androgens 
may accurately reflect the mechanism of increase in 
bone mass previously observed in women treated with 



anabolic steroids (6, 11, 17). However, there have been 
no bone biopsy studies that address the effects of these 
agents on trabecular architecture in postmenopausal 
women. 

Cancellous bone formation rate was significantly in- 
creased compared with sham rats in OVX animals 
treated with 0.01 and 0.1 mg/kg DHT, but not those 
given vehicle alone, consistent with additive effects of 
ovariectomy and DHT on cancellous bone formation. 
This suggests that DHT may have increased cancellous 
bone volume in osteopenic OVX rats at least in part by 
stimulating bone formation. However, because indexes 
of cancellous bone formation in vehicle- and DHT- 
treated OVX rats were not significantly different, it 
remains unclear as to whether cancellous bone forma- 
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Fig. 2. Results show means ± SE trabecular number (A) and trabecu- 
lar thickness (B) at proximal tibial metaphysis in sham □ and OVX 
animals killed 90 days after ovariectomy (O; OVX 90 days) or 
subsequently given 5a-dihydro testosterone (DHT) for 60 days (O). 
•P < 0.05 vs. sham; b P < 0.05 vs. sham and 0 DHT; C P < 0.05 vs. 
sham, OVX 90 days, and 0 DHT; d P < 0.05 vs. OVX 90 days and 0 DHT 
[by analysis of variance (ANOVA)J. 
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Table 3. Effect of 5a-dihydrotestosterone on cancellous 
dynamic histomorphometric parameters 



Group 


dLS/BS, 

% 


MAR, 
p.m/day 


BFR/BS, 
10" 2 M-m 3 jim" 2 day _l 


Sham 


6.4 ±1.1 


1.09 ±0.05 


7.1 ±1.3 


OVX 90 days 


11.9 ±3.0 


1.10*0.06 


13.9 ±3.9 


DHT, mg kg-^day- 1 






14.6±3.7 


0 


12.1 ±2.8 


1.16 ±0.06 


0.01 


16.0 ±1.9* 


1.21 ±0.05 


19.5 ±2.7* 


0.1 


16.9 ± 3.6* 


1.22 ±0.03 


20.9 ±4.9* 


1.0 


11.4±2.3 


1.18 ±0.04 


13.4 ±2.5 



Results show means ± SE of double- labeled surface (dLS/BS), 
mineral apposition rate (MAR), and bone formation rate (BFR/BS) at 
proximal tibial metaphysis in sham animals and OVX rats killed after 
90 days or subsequently given DHT for 60 days. *P < 0.05 vs. sham 
(by ANOVA). 



tion was in fact stimulated by DHT. In contrast, at the 
growth plate, endocortical, and periosteal surfaces, a 
significant stimulatory effect of DHT on bone formation 
was observed, raising the possibility that DHT exerts an 
anabolic effect on the skeleton in general. Although 
these increases in cortical bone formation had no effect 
on cortical area over the study period, this may have 
reflected an insufficient duration of treatment for alter- 
ations in cortical, as well as cancellous, bone mass to 
occur. 

Suppression of bone resorption may have contributed 
to the increase in cancellous bone volume after treat- 
ment with DHT since, although 0.01 and 0.1 mg/kg 
DHT had no significant effect on bone resorption, as 
assessed by osteoclast surface and number, 1.0 mg/kg 
DHT was found to reduce these resorption parameters. 
Interestingly, in contrast to lower concentrations, the 
same dose of DHT also suppressed endocortical bone 
formation and did not increase cancellous bone forma- 




0 0.01 0.1 1.0 

5i-Dihydrotestosterone (mg/kg/day) 

Fig. 3. Results show means ± SE longitudinal growth rate in sham □ 
and OVX animals killed 90 days after ovariectomy (O) or subsequently 
given DHT for 60 days (O). a P < 0.05 vs. sham; b P < 0.05 vs. sham and 
OVX 90 days; C P < 0.05 vs. OVX 90 days; d P < 0.05 vs. 0 and 0.01 
DHT; e P < 0.05 vs. sham and 0 and 0.01 DHT (by ANOVA). 



Table 4. Effect of 5a-dihydrotestosterone on dynamic 
cortical histomorphometric parameters 



Group 



Periostea) 
dLS/BS, 

% 



Periosteal 
MAR, 
jxm/day 



Periosteal 
BFR/BS, 
10" 2 jim 3 - 
M.m _2 day _l 



Endocortical 
dLS/BS, 
% 



Sham 

OVX 90 days 
DHT, mg- 

kg" 1 day" 1 

0 

0.01 

0.1 

1.0 



2.0±1.7 
11.1±2.1* 



2.8 ±2.0 
4.6 ±2.9 
5.1 ±1.5 
11.1±5.1* 



0.75 ±0.16 
0.90±0.07t 



0.51 ±0.04 
0.76±0.14 
0.88±0.08t 
0.89±0.07t 



2.0 ±1.8 
10.4 ±2.4* 



1.3 ±0.8 

4.4 ±3.0 
4.4 ± 1.2 

10.2 ±4.4* 



0.4 ±0.4 
4.1 ±1.9* 



1.5 ±0.8 
5.5 ±1.5* 
4.8 ±1.8* 
0.1±0.1§ 



Results show means ± SE of periosteal dLS/BS, MAR, and BFR/BS 
and endocortical dLS/BS at tibial diaphysis in sham animals and OVX 
rats killed after 90 days or subsequently given DHT for 60 days. *P < 
0.05 vs. sham and 0 DHT; tP < 0.05 vs. 0 DHT; X P < 0.05 vs. sham; 
§P < 0.05 vs. 0.01 and 0.1 DHT (by ANOVA). 

tion compared with sham animals. Therefore, inhibition 
of bone resorption by 1.0 mg/kg DHT may have led to a 
reduction in bone formation at sites where bone forma- 
tion is coupled to resorption, as occurs with other 
inhibitors of bone resorption such as bisphosphonates, 
17p-estradiol, and calcitonin (31, 32). Hence, DHT 
appears to influence skeletal metabolism in osteopenic 
OVX rats both by stimulating bone formation and 
suppressing resorption, although it is unclear which, if 
any, of these actions predominate at cancellous sites. 

These actions of DHT on skeletal metabolism are 
consistent with previous reports that, in male rats and 
humans, androgens both stimulate bone formation (1, 
10, 25) and suppress bone resorption (24, 27, 28). 
Because DHT shows high-affinity binding with classical 
androgen receptors (15), which bone cells have been 
found to possess (7), these actions of DHT may be 
mediated by skeletal androgen receptors. Moreover, 
unlike other androgens, DHT is not thought to undergo 
peripheral aromatization to estrogen (16), consistent 
with our observation that estrogen levels were similar in 
OVX animals receiving DHT and vehicle alone. The 
actions of DHT on bone and cartilage that we and others 
have descibed are also consistent with the effects of DHT 
on isolated bone cell cultures. For example, DHT has 

Table 5. Effect of Sardihydrotestosterone 
on cortical areas 



Group 



Cross-sectional 
Area, mm 2 



Medullary 
Area, ram 2 



Cortical 
Area, mm 2 



Sham 

OVX 90 days 
DHT, mg kg" 1 
0 

0.01 

0.1 

1.0 

OVX combined 



day" 



4.39 ±0.17 
4.58 ±0.06 

4.79 ±0.06 
4.90 ±0.18 
4.79 ±0.25 
4.76 ±0.11 
4.81 ±0.17* 



0.71 ±0.05 
0.68 ±0.03 

0.76 ±0.06 
0.83 ±0.04 
0.77 ±0.08 
0.76 ±0.05 
0.78 ±0.03 



3.68 ±0.13 
3.90 ±0.07 

4.03 ±0.08 
4.07 ±0.17 

4.02 ±0.18 
3.99 ±0.12 

4.03 ±0.07* 



Results show means ± SE of cross-sectional, medullary, and cortical 
areas at tibial diaphysis in sham animals and OVX rats killed after 90 
days or subsequently given DHT for 60 days. OVX combined was 
obtained by pooling the results from all 240-day-old OVX animals. 
*P < 0.05 vs. sham (unpaired 2- tailed Student's /-test). 
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been found to stimulate the proliferation of isolated 
osteoblasts (14), to increase chondrocyte DNA synthesis 
(4), and to suppress the bone resorptive activity of 
isolated osteoclasts (18). 

Our findings, which suggest that relatively low doses 
of DHT stimulate bone formation in female rats, raise 
the possibility that androgens play a physiological role in 
regulating bone formation in females. This is consistent 
with the observation that the antiandrogen flutamide 
reduced total body calcium in female rats by suppressing 
bone formation (12). However, we only found an antire- 
sorptive action of DHT at the highest dose, suggesting 
that androgens may not influence bone resorption in 
female rats under physiological conditions. In contrast, 
studies in orchidectomized rats suggest that physiologi- 
cal concentrations of androgens both stimulate bone 
formation and suppress resorption in male rats (25, 27). 
This suggests that there may be certain sex differences 
in responsiveness of the skeleton to androgens, which is 
consistent with the observation that other skeletal 
effects of androgens, such as stimulation of diaphyseal 
creatine kinase activity and DNA synthesis, are also 
gender specific (23). 

The ability of DHT to increase cancellous bone in 
osteopenic OVX rats does not appear to be shared by 
other sex steroids such as estrogen. For example, al- 
though estrogen prevents ovariectomy-induced bone 
loss, it fails to significantly increase cancellous bone 
volume in osteopenic animals (22). These results might 
suggest that anabolic steroids derived from androgens 
are more likely to be effective at reversing bone loss in 
patients with postmenopausal osteoporosis. However, 
although androgen-related steroids have been found to 
increase bone mass in these patients, whether this 
represents an advantage over the skeletal response to 
estrogen therapy is currently unknown. 
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Abstract 

Background: Spironolactone has been used for over 20 years as an antiandrogen in the 
treatment of acne and hirsutism. No long-term studies of the safety of spironolactone 
used in this manner have been published. We present a study of the long-term safety and 
tolerance of spironolactone in 91 women with acne who were followed for up to 8 years. 

Methods: A survey questionnaire was sent to 210 patients, and a comparison chart 
review of all patients to whom the survey was sent was made. 

Results: Ninety-one completed surveys were analyzed, comprising 506 person-years of 
followup and 200 person-years of spironolactone exposure. Mean treatment length was 
28.5 months (range = 0.5—122 months). During the 8-year followup period, there were 
no cases of serious illness attributable to spironolactone use. Side effects were present in 
59% and resulted in cessation of the drug in 15%. Diuretic effect and menstrual ir- 
regularities were the most common adverse effects. 

Conclusions: After 200 person-years of exposure to spironolactone and 506 person- 
years of followup over 8 years, no serious illnesses thought to be attributed to spiron- 
olactone were reported. The long-term use of spironolactone in the treatment of acne in 
women appears to be safe. Side effects, however, are common, although not usually a 
cause for stopping the drug. 



Sommaire 

Antecedents:^ spironolactone est utilisee depuis plus de 20 ans comme antiandrogene 
dans le traitement de Pacne et de Phirsutisme. Aucune etude a long germe sur Pinnocuite 
de la spironolactone ainsi utilisee n'a ete publiee. Nous presentons ici une etude a long 
terme sur Pinnocuite de la spironolactone et le degre de tolerance a cette substance chez 
91 femmes atteintes d'acne, suivies sur une periode de 8 ans. 

Methodes: Un questionnaire d'enquete a ete envoye a 210 patientes, et un sommaire 
comparatif des dossiers a ete prepare. 

Resultats: 91 questionnaires retournes ont ete analyses, representant 506 annees-pa- 
tients de suivi et 200 annees-patients d'exposition a la spironolactone. La periode 
moyenne de traitement etait de 28,5 mois (de 0,5 mois a 122 mois). Au cours de la 
periode de suivi de 8 ans, aucun cas de maladie grave attribuable a Pusage de la spir- 
onolactone n'a ete releve. Des effets secondaires se sont manifest.es dans 59% des cas et 
ont disparu dans 15% des cas apres Parret du medicament. Les effets indesirables les plus 
frequents etaient les troubles diuretiques et une irregularite des menstruations. 

Conclusions: Apres 200 annees-patients d'exposition a la spironolactone et 506 annees- 
patients de suivi sur une periode de plus de 8 ans, aucun cas de maladie grave qui semble 
causee par Pusage de la spironolactone n'a ete rapporte. L'usage a long terme de la 
spironolactone dans le traitement de Pacne chez les femmes semble securitaire. Bien que 
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Androgen Receptor Antagonists (Antiandrogens): 
Activity Relationships 



Structure- 
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Abstract: Prostate cancer, acne, seborrhea, hirsutism, and androgenic 
alopecia are well recognized to depend upon an excess or increased 
sensitivity to androgens or to be at least sensitive to androgens. It thus 
seems logical to use antiandrogens as therapeutic agents to prevent 
androgens from binding to the androgen receptor. The two predominant 
naturally occurring androgens are testosterone (T) and dihydrotestosterone 
(DHT). DHT is the more potent androgen in w'voand in vitro. All androgen-responsive genes are 
activated by androgen receptor (AR) bound to either T or DHT and it is believed that AR is more 
transcriptionally active when bound to DHT than T. The two classes of antiandrogens, presently 
available, are the steroidal derivatives, all of which possess mixed agonistic and antagonistic 
activities, and the pure non-steroidal antiandrogens of the class of flutamide and its derivatives. 
The intrinsic androgenic, estrogenic and glucocorticoid activities of steroidal derivatives have 
limited their use in the treatment of prostate cancer. The non-steroidal flutamide and its 
derivatives display pure antiandrogenic activity, without exerting agonistic or any other hormonal 
activity. Flutamide (89) and its derivatives, Casodex (108) and Anandron (114), are highly 
effective in the treatment of prostate cancer. The combination of flutamide and Anandron with 
castration has shown prolongation of life in prostate cancer. Furthermore, combined androgen 
blockade in association with radical prostatectomy or radiotherapy are very effective in the 
treatment of localized prostate cancer. Such an approach certainly raises the hope of a further 
improvement in prostate cancer therapy. However, all antiandrogens, developed so-far display 
moderate affinity for the androgen receptor, and thus moderate efficacy in vitro and in vivo. 
There is thus a need for next-generation antiandrogens, which could display an equal or even 
higher affinity for AR compared to the natural androgens, and at the same time maintain its pure 
antiandrogenic activity, and thus providing improved androgen blockade using possibly 
antiandrogens alone. 



Introduction 

Prostate cancer (PC), benign prostatic hyperplasia 
(BPH), acne, seborrhea, hirsutism and androgenic 
alopecia are well known to be sensitive to androgens 
[1 ,2] and to respond to androgen receptor antagonist 
(antiandrogen) therapy [3-7]. The two predominant 
naturally occurring androgens are testosterone (T) and 
dihydrotestosterone (DHT). DHT is the more potent 
androgen and in vitro expression studies have also 
shown that DHT is more potent in inducing transcription 
activation than testosterone [8]. Testosterone and DHT 
can, however, have some different biological functions. 
T-mediated functions are anabolic (muscle mass 



f Address correspondence to this author at the CHUL Research Center, 
2705 Laurier Blvd. Quebec (Quebec) G1 V4G2, Canada; Tel: (418) 654- 
2704; Fax: (418) 654-2735; email: fernand.labrie@crchul.ulaval.ca 



increase, penis enlargement, scrotum enlargement 
and vocal cord enlargement) and spermatogenesis 
(male sex drive and performance), and DHT-mediated 
effects are increased facial and body hair, acne, scalp 
hair recession and prostate enlargement. All androgen- 
responsive genes are activated in vitroby AR bound to 
either T or DHT. AR is more transcriptionally active 
when bound to DHT than to testosterone. 

Although castration (orchiectomy or treatment with 
an LHRH-agonist) causes a 90-95% reduction in serum 
testosterone (T) concentration [9-12], a much smaller 
effect is seen on the only meaningful parameter of 
androgenic action, namely the intraprostatic 
concentration of dihydrotestosterone (DHT), the most 
active androgen. In fact, after elimination of testicular 
androgens by medical or surgical castration, the 
intraprostatic concentration of DHT remains at 
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Fig. (1). Intracrine activity of the human prostate or biosynthetic steps involved in the formation of the active androgen DHT 
from testicular testosterone as well as from the adrenal precursors DHEA, DHEA-S and androstenedione ((4-dione) in human 
prostatic tissue. 



approximately 40% of that measured in intact men. The 
importance of extratesticular androgens is also well 
illustrated by the finding that 40-50% of androgen 
metabolites remain in the circulation after castration in 
men [13-15]. Since recent studies show (Fig. 1 ) that an 
important proportion of androgens are produced in the 
peripheral tissues, including the skin and prostate, from 
the adrenal precursors dehydroepiandrosterone 
(DHEA) and its sulfate (DHEA-S), we therefore 
elucidated the structure of cDNAs encoding the 
enzymes required for such a transformation, namely 3(3- 
hydroxysteroid dehydrogenase/A5-A4 isomerase [16- 
20], 17p-hydroxysteroid dehydrogenase [21,22], and 
their corresponding genes. The structure of the cDNAs 
and genes encoding the two types of 5a-reductase 
were also elucidated [23-26]. Since all these enzymes 
are expressed in the skin, prostate, and other 
peripheral tissues, and serum DHEA and DHEA-S are 
at similar levels in women and men; it is therefore not 
surprising that the serum concentration of the 
metabolites of androgens are present in women at 
levels 60 to 75% of those found in men of the same 
age. 



Androgen Receptor 

The androgen receptor (AR) is a member of the 
steroid/nuclear receptor superfamily, in which all 
members share basic structural and functional 
homology. Members of the superfamily are ligand- 
dependent nuclear transcription factors, and consist of 
three basic functional domains: the DNA binding 
domain, the ligand binding domain and the amino- 
terminal domain. However, despite the similarity in 
structure and function of the receptor superfamily, 
activation of different receptors elicits highly specific 
cellular responses. By studying the functional domains 
of receptors, and how the receptors control 
transcription regulation responses to different 
activation signals, we are beginning to understand the 
mechanisms controlling the specificity of receptor 
action. Many different naturally occurring mutations 
have been identified in the AR, and the study of these 
has allowed the localization of amino acids required for 
different receptor functions. These investigations, 
combined with in vitro mutagenesis studies and 
structural comparisons with other members of the 
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receptor superfamily [27,28], have allowed a greater 
elucidation of regions of the AR involved in ligand and 
DNA binding, dimerization, nuclear localization and 
transactivation. 

AR binds ligands with high affinity, thus resulting in 
transformation of the receptor, associated with an 
increase in affinity for DNA [29,30], as a result of 
dissociation of heat shock proteins and a change in 
receptor conformation. The exact mechanisms of 
receptor transformation is not known: following ligand 
binding, the receptor changes to a more compact 
conformation, other conformation changes occur 
concomitantly with the dissociation of heat shock 
proteins and, then, dimerization, phosphorylation and 
DNA-binding occur [31]. 

The crystal structure of the retinoid X receptor 
(RXR>-a ligand binding domain has been determined 
by Bourguet et al. [32]. A large hydrophobic cavity is 
predicted to form the ligand binding pocket and 
evidence suggests that the same structure is present 
in other members of the nuclear receptor superfamily, 
including the AR [33,34]. This would be comprised of 
hydroprobic amino acids between approximately 735 
and 787, and approximately 855 and 865, while the full- 
length receptor comprises 919 amino acids) [35] (Fig. 
2 ). Penetration of the RXR-a hydrophobic cavity by 
ligand requires some conformational changes of the 
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amino acid side chains. The ligand binding domain 
structures of the ligand-bound retinoic acid receptor 
(RAR) y and thyroid hormone receptor (TR) suggest 
that the C-terminal a-amphipathic helix flips over to seal 
the ligand binding domain and stabilize ligand binding, 
exposing a novel transactivation surface [36,37]. 

Mechanisms of Antiandrogen Action 

Since an essential step in the action of androgens in 
target cells is binding to the androgen receptor (Fig. 3 ), 
a logical approach for neutralizing the androgens is the 
use of antiandrogens or compounds which prevent the 
interaction of T and DHT with the androgen receptor. 
Since prostate cancer is so highly sensitive to 
androgens, the antiandrogen used should be a 
compound having high specificity and affinity for the 
androgen receptor while not possessing any 
androgenic, estrogenic, progestational, glucocorticoid 
or any other hormonal and antihormonal activity. The 
mechanism by which antiandrogens act may be either 
directly by interaction with the androgen receptor or 
indirectly through some nonreceptor-mediated action 
or metabolism or nonspecific antimetabolite activity. 

The two classes of antiandrogens presently 
available are the steroidal derivatives, all of which 
possess mixed agonistic and antagonistic androgenic 
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Fig. (3). Biological action of testosterone (T) and dihydrotestosterone (DHT) to androgen receptor (AR). 



activities, and the non-steroidal derivatives or the pure 
antiandrogens of the class of flutamide, which block the 
androgen receptor without exerting any agonistic or 
any other hormonal activity. The higher efficacy of pure 
antiandrogens in preventing the binding of androgens 
to the androgen receptor has been demonstrated in a 
series of experimental models, including the rat ventral 
prostate, the level of mRNAs encoding the subunits of 
prostatic binding protein, ornithine decarboxylase 
activity as well as a growth of androgen-sensitive 
tumors [38-41]. As therapeutic agents, antiandrogens 
can be used to treat various androgen-sensitive 
diseases, either by topical or by systemic administration 
(Table 1). 



Topical Treatment 

Up till now, no topically active antiandrogen has 
been available and only some women with female 

Table 1. Clinical Application of Antiandrogens 



androgenization are currently treated by systemic 
administration of flutamide, cyproterone acetate or 
spironolactone [42]. For obvious reasons, such 
treatment cannot be applied to treat male acne and 
male pattern baldness [43,44]. An antiandrogen useful 
to treat skin disorders must be active topically and act 
through cutaneous androgen receptors and has to be 
devoid of systemic activity. 



Systemic Treatment 

In contrast to topical treatment, systemic 
administration of an antiandrogen inhibits androgenic 
action in all target tissues and not only at the desired 
target site. It thus interferes with the androgen- 
dependent negative feedback mechanisms regulating 
the secretion of androgens. The feedback action is 
exerted via the hypothalamo-pituitary-testicular axis. 
Androgens decrease the secretion of hypothalamic 



Androgen effect 


Application 


Route of administration 


Sexual behavior 


Hypersexuality 


Systemic 


Hypothalamo-pituitary-testicular hormone (H.P.T.) secretion 


Study of H.P.T. axis activity 


Systemic 


Bone maturation 


Precocious puberty 


Systemic 


Sebaceous gland function 


Acne, hyperseborrhea 


Topical 


Hair growth 


Hirsutism, male pattern alopecia 


Topical or systemic 


Growth of artdrogen-dependent tumors 


Androgen-dependent tumors (prostate cancer) 


Systemic 
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LHRH and decrease the sensitivity of pituitary LH 
secretion to LHRH, thus decreasing the release of LH 
and, consequently, of testosterone secretion [45]. 
Suppressing androgen action at the hypothalamo- 
pituitary level will result in an increase in plasma LH and 
testosterone concentrations which can, at least 
partially, overcome the effect of the antiandrogen. This 
has been shown in the case of pure antiandrogens. For 
the treatment of prostate cancer, combination of 
chemical (LHRH agonist) or surgical castration with 
systemic antiandrogens have been shown to prevent 
the effect of the antiandrogen-induced increase in 
plasma testosterone [46-51]. 

Antiandrogens 

This section will provide an overview of the 
development in antiandrogen structure-activity 
relationships (SAR) in the context of both in vitro 
potency, in vivo efficacy in animal models, and clinical 
results in the human, where available. Where the in 
vitro potency of antiandrogens is not available, SAR will 
be deduced from in vivo efficacy, although, it may not 
provide the real potency of antiandrogens. Since the 
data presented have been collected in a number of 
laboratories over the past few decades from a variety of 
tissues as sources of AR, comparison of the activity of 
compounds cannot be made rigorously unless they 
have been assayed in the same system. Correlation 
between receptor binding affinity and biological activity 
has been actively pursued to facilitate rapid and simple 
assessment of the characteristics of antiandrogens. 
One significant deficiency of measurements of 
receptor binding affinity is that such studies do not 
distinguish between agonists and antagonists. 
Compounds which show non-stimulatory effect on 
androgen-sensitive parameters such as Shionogi cells 
and other models should be considered as pure 
antiandrogens (antagonists). There are few reviews 
which cover partial SAR of antiandrogens [42,52,53]. In 
the present review, attempts are made to provide full 
SAR of all classes of antiandrogens, except for a few, 
where no SAR data are available. 



Steroidal Antiandrogens 

Testosterone and Dihydrotestosterone 
Derivatives as Antiandrogens (Table 2) 

Large-scale correlation studies between the 
structure, binding affinities, and activities of agonists 
first of all led to the recognition of the structural features 
or combinations of features that are associated with 
high affinity and high activity [54,55]. The natural 
hormones T and 5a-DHT, at low doses, bind 
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exclusively to the androgen receptor, although 5a- 
DHT is a more potent competitor than T. 

The dramatic decrease in the RBAs of 
androstanediol (4), and androstanedione (5) illustrate 
the need for a "17f3-hydroxy-3-one" structure for 
effective binding to AR. Nor-testosterone (6) displays 
higher affinity than its parent. Introduction of a 17a- 
methyl group into T or 5a-DHT somewhat decreases 
AR binding (compare 2 and 7). Combination of 17a- 
methyl substitution and unsaturation leads compound 
RU 1881 (8) which displays high affinity for AR and PR, 
and also binds with GR. Methyltrienolone (RU 1881) is a 
highly potent androgen. The flat and flexible nature of 
this molecule explains its lack of specificity. Removal of 
the 3-keto group results in the significant loss of 
binding affinity of compound 9. In general, most 
compounds which display high affinity for the androgen 
receptor were androgen receptor agonists. 
Substituting the A- and B-ring with methyl groups 
decreased binding to AR and a gem-dimethyl group 
even further reduced the binding affinity of compound 
RU 2956 (10). This compound showed a mixed 
androgenic/antiandrogenic activity in vivo [56]. This 
initial study provided valuable information on the affinity 
of testosterone, dihydrotestosterone, and their 
derivatives and, moreover, on the functional groups 
which are responsible for high affinity, and the 
substituents and their positions, which decrease 
binding affinity. 

WIN17665 (11) and SH434 (12) displayed no 
significant antiandrogenic- activity in vivo [58-61]. 
Topical application of 17a-propyltestosterone (WIN 
17665) gave a dose-related regression of the hamster 
flank organ and sebaceous gland size. 17a- 
Propylmesterolone (SH 434), another compound of 
this class, reduced both sebaceous gland size and 
sebogenesis significantly in a dose-dependent 
manner. Both compounds did not show any change in 
prostate weight and, thus, possess little or no systemic 
activity on topical administration. SH 434 has been 
shown to be effective in acne patients [75]. Other 
modifications in the testosterone skeleton, for 
instance, introduction of gem-dimethyl group at the 16- 
position, gave topically active antiandrogens 14-16. 
However, compounds 13-19, when given 
subcutaneously, showed very little effect on reduction 
of prostate weight. Only moderate in vivo potency of all 
compounds suggests that these antiandrogens have 
an insufficient in vivo half-life and/or activity. 

The well-known aldosterone antagonist 
(spironolactone) also displayed antiandrogenic activity 
in the rat and human when compared to flutamide after 
6 months of therapy [42]. Spironolactone (20) reduced 
hirsutism score by 30% whereas, for flutamide, this 
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score completely decreased to normal. Moreover, 
spironolactone caused only a 50% reduction in acne 
and seborrhea (no effect on hair loss) after 3 months of 
therapy. In the same randomized study, flutamide 
caused an 80% decrease in the above scores, 
including hair loss. A number of other modifications in 
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the structure of spironolactone gave other 
antiandrogens. For instance, lactone 24 reduced the 
ventral prostate weight in the rat by 39% at the oral 
dose of 5 mg per day while subcutaneous 
administration (3 mg/kg) of compound 21 reduced 
prostate size by 72%. 



Table 2. Testosterone and Dihydrotestosterone Derivatives as Antiandrogens 



No 


Structure 


Androgenic/antiandrogenic activity 


Ret. 


RBA 


Shio. ceil 
proli.(IC50, nM) 


%Red. of VPwt 
(mg/kg/d) 


1 






100 

19/97% inh. of 

rAR@ 
0.001/1 pm 3 


- 


- 


[53,54,57] 








2 






120 

70/1 00% inh. of 
rAR@ 0.001/1 
M M a 






[53,54,57] 






DHT 


3 






5-10 


- 


- 


[53.54,57] 


h 




4 






10-15 








5 


^ I 


rK 


1-5 






[53,54,57] 


H 
















6 






150-200 






[53,54,57] 

















a Singh SM, Labrie F et al. (1998) Unpublished results. 
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No 


Structure 


Androgenic/antiandrogenic activity 


Ref. 


RBA 


Shio. cell 
proli.(IC5o t nM) 


%Red.ofVPwt 
(mg/kg/d) 


7 


H 


OH 
^CH 3 
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- 


- 


[53,54,57] 


8 


OH 

s^t^X^K %Ch3 
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70/99% 
inn. ofrAR@ 
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- 


[53,54,57] 
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OH 
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No 


Structure 


Androgenic/antiandrogenic activity 


Ref. 


RBA 


Shio. cell 
proli.(IC50, nM) 


%Red.ofVPwt 
(mg/kg/d) 
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No 


Structure 


Androgenic/antiandrogenic activity 


Ref. 


RBA 


Shio. cell 
proli.(IC50, nM) 


%Red.ofVPwt 
(mg/kg/d) 
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Androgenic/antiandrogenic activity 




No 


Structure 


RBA 


Shio.cell 
proli.(IC50 r nM) 


% Red. of VP 
wt (mg/kg/d) 


Ref. 




O NH-I 










27 


Un 


- 


242 


- 


[74] 




O NH— 1 

Y 










28 


CI 
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[74] 



Compounds 25 and 26, primarily developed as 
inhibitors of human 17(-hydroxylase/C 17.20 lyase, also 
displayed the antagonist and agonist effects on the 
wild-type human AR and on the mutant human AR 
present in LNCaP cells [76]. Compound 26 displayed a 
46% reduction in transcriptional activity at 1 uM and 
more than 50% reduction of activity of the wild-type AR 
was obtained by compound 2 5 at 0.1 uM. However, 
only compound 2 6 showed antagonistic (50% at 1 uM) 
effect on LNCaP AR. A variety of C4 substituted C17 f- 
butylamide steroids developed as inhibitors of 5a- 
reductase also inhibited DHT-stimulated Shionogi cell 
proliferation. Thus, compounds 27 and 2 8 displayed 
moderate antiproliferative activity. 



Synthetic 
(Table 3) 



Progestins as Antiandrogens 



Synthetic progestins, primarily prepared as 
progestins, also showed significant antiandrogenic 
activities together with androgenic activities [57,77]. 
CPA (2 9), the 6-chloro-1,2-methylene derivative of 
17a-acetoxyprogesterone, exhibited high affinity for 
the rat androgen receptor (RU 1881 as a reference 
compound; RBA=158/203). Removal of the 1,2- 
methylene group gave chlormadinone acetate (CDA, 
30) with increased androgen binding, especially at 
short incubation times. Replacement of the chlorine by 
a methyl (MGA, 3 1 ) slightly decreased binding whereas 



further removal of the C6 double bond (MPA, 32) 
modified binding kinetics. 

The RBA of MPA did not decrease with the 
incubation time, thus indicating a stronger association 
with AR than other synthetic progestins and explaining 
the relatively high androgenic activity of the compound 
(32). Other synthetic progestins 29-31 also exhibited 
androgenic activity on other androgen-sensitive 
parameters. Thus, the compounds stimulated cell 
growth in an androgen-sensitive clone of the mouse 
mammary carcinoma Shionogi SC-115 cells and their 
agonist activities were completely blocked by flutamide 
[38,39]. They also exhibited significant androgenic 
activity in ZR-75-1 cells co-transfected with hAR 
(DHT=100% at 0.1 uM). Moreover, these progestins 
also exhibit glucocorticoid and antimineralocorticoid 
activities which seriously limit their tolerance, efficacy, 
and use, particularly where an optimal blockade of 
androgens is required, especially in prostate cancer. 

Recently, other modifications in the A-, B-, C-, and 
D-rings of the progestin skeleton were carried out, in 
the hope, to obtain more potent antiandrogens. 2- 
Oxachlormadinone acetate (37) and 2- 
azachlormadinones (39,40) gave significant in vivo 
antiandrogenic activity. Thus, the potency of 2- 
oxachlormadinone, TPZ-4238, was the highest in the 
new progestin series. At the dose of 6 mg/kg/day, TPZ- 
4238 reduced rat ventral prostate weight by 75%. TPZ- 
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4238 (37), when compared with CDA, presently used 
in the medical management of BPH in Japan, produced 
a regression in canine BPH at the dosage of 0.1 
mg/kg/day. This compound was 5 times more effective 

Table 3. Synthetic Progestins as Antiandrogens 
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than CDA (3 mg/kg/day) [81,82]. The clinical 
significance of CPA and others will be discussed in the 
later part of the review. 



No 



Structure 



Antiandrogenic activity 



RBA (30 min/2 h) 



% Red. of VP wt (mg/kg/d) 



Ref. 



29 




OCH 3 
o»OCOCH 3 



51/16 



66@ 0.5/mice/bid, sc a 



[38,39,57] 



CPA 



30 




COCH3 

.0OCOCH3 



81/20 



20 @ 5, po 
55 @ 45, po 
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[38,39,57,78] 
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COCH3 

*%OCOCH 3 



67/19 
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[38.39,57] 
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COCH3 

*OCOCH 3 
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[38,39,57] 



MPA 



COCH3 

,.aOCOCH 3 



33 




50 @ 10, sc 



[79] 



a Singh SM, Labrie F et al. (1998) Unpublished results. 
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No 


Structure 


Antiandrogenic activity 


Ref. 


RBA (30 min/2 h) 


% Red. of VP wt (mg/kg/d) 
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No 


Structure 


Antiandrogenic activity 


Kei. 


RBA (30 min/2 h) 


% Red. of VP wt (mg/kg/d) 


40 


CI 


COCH 3 

A^\OCOCH 3 




57@ 6, sc 


[80.83] 



Antiandrogenic Steroidal Sulfonyl 

Heterocycles (Table 4) 

The Sterling group synthesized [84-87] and 
evaluated steroidal sulfonyl [3,2-c]pyrazoles and their 
bioisosteric sulfonyl heterocyles as androgen receptor 
antagonists. The parent pyrazole 41 bound strongly to 
the androgen receptor and displayed significant mixed 
androgenic/antiandrogenic activity in vivo. However, its 
1*-methylsulfonyl derivative 42 exhibited less affinity to 
AR, but it was more potent than 41 in vivo. The 17a- 



methyl analog 43 of the parent pyrazole showed the 
highest affinity for AR and was a potent androgen in 
vivo. However, the V-methylsulfonyl derivative 44 
displayed moderate affinity compared to 43, but this 
compound was a potent antiandrogen in vivo. It thus 
seems that this V-methylsulfonyl group is critical for 
significant binding to AR and antiandrogenic activity. 
The larger alkylsulfonyl groups compared to the methyl 
increased the receptor affinity, and showed mixed 
androgenic/antiandrogenic activity (compare 
compounds 42 and 45). 



Table 4. 



Antiandrogenic Steroidal Sulfonyl Heterocycles 







Antiandrogenic activity 




No 


Structure 


RBA(1 h/18 h) 


ED5o(mg/kg) 


Ref. 


41 




28/0.8 (DHT: 87/88) 


50(50% VP wt inc.) 


[88] 




HO 








42 


WIN 49596 


2.2/0.05 




[88,89] 




HO 








43 




164/0.8 




[88] 
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Antiandrogenic activity 




No 


Structure 


RBA(1 h/18 h) 


ED5o(mg/kg) 


Ref. 






HO 

■ % ,XH 3 








44 


MeS0 2 N 




16/1 


1(F 


[88] 






HO 

■ t .nC=CH 








45 


EtSO z N 




2.7/0.1 


100 (50% VP wt inc.) 


[88] 






HO 

■ \ ,\CH 2 CH3 








46 


MeS0 2 N^ J 1 




3.0/0.1 


41 a 


[881 






>X CH=CH 2 








47 


MeS0 2 N 




4.0/0.1 


33 s 


[881 
i w j 






| H \ 








48 


MeS0 2 N 1 




12.0/0.9 


16 3 


[88] 


49 




TV- 9 " 3 


18.0/1.0 


3 a 


[88] 




MeS0 2 N 












"\ ,C=CH 








50 


MeS0 2 N ^| f 




7.0/0.05 


14 3 


[88] 
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No 



51 



Structure 



MeSOz 




H( ? ,C=CH 



Antiandrogenic activity 



RBA(1 h/18h) 



1.9/0.2 



ED5o(mg/kg) 



[90,91] 



52 



MeSQ, ^ | 




1.4/0.16 



17 



[90] 



HO 



53 



MeSQz 




,X= CH 



1.2/0.05 



22 



[90] 



54 




5.8 



32%@750mg/kg/d 



[62] 



a Androgenic activity was not significant. 

Partial and complete saturation of the 17a -triple 
bond increased the affinity for AR and decreased the in 
vivo efficacy (compare compounds 4 2 , 46 , and 47 ). In 
the A4-series, the binding affinity of 48 was similar to 
44. Introduction of the methyl group at the C-4 
position, compound 49, increased the affinity as well 
as the in vivo potency. A number of bioisosteric 
sulfonyl heterocyles were also prepared, 
2'-methylsulfonyl furan 51 showing low AR affinity, but 
improvement of in vivo potency compared to 52 and 
53. Out of all, WIN 49596 (4 2) was evaluated further in 
a preclinical study [89]. Daily administration (20-500 
mg/kg) of WIN 49596 to mature male rats for 72 days 
gave a significant inhibition of ventral prostate and 
seminal vesicle weights. At the highest dose level (500 
mg/kg), the weight of the ventral prostate and seminal 
vesicles was reduced by 64% and 48%, respectively, 
without compromising reproductive function. 
Zanoterone (WIN 49596) is in a phase II clinical trial in 
human for the treatment of BPH and prostate cancer in 
the USA. 



4-Azasteroids as Antiandrogens (Table 5) 

4-Azasteroids primarily prepared as inhibitors of 5a- 
reductase also displayed moderate to good 
antiandrogenic activity in vitro and in vivo [92-95]. 
Antiandrogenic activity varied dramatically depending 
upon the nature of substitution. For instance, 
replacement of N-CH3 (compound 63) by N-H 
(compound 62) greatly diminished the affinity of 
compounds. However, introduction of the 1,2- 
(compare compounds 6 3 and 64) or 5,6- (compare 
compounds 5 5 and 57) double bond increased the 
activity relative to the parent compound. Other A-ring 
modifications of 4-azasteroids such as addition of 2p- 
fluoro (58) and 1a,2a-epoxy (59) gave enhancement 
in antiandrogenic activity. A range of 17-substituted 
azasteroids was also evaluated, N-dialkyl amides and 
carbonyls were less effective. On the other hand, NH- 
aryl amides (63-65) displayed very strong 
antiandrogenic activity. Significant loss of activity was 
observed when NH-aryl amide (64) was replaced by N- 
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alkylaryl amide (66). In vivo assays utilizing castrated 
male rats, oral administration of compounds 55, 57, 
58, 60 and 61 in testosterone propionate treated rats 
caused a severe reduction of ventral prostate weight 



Singh et af. 

compared to dihydrotestoterone propionate treated 
rats. This difference in activity versus the two 
androgens is due to that compounds are much more 
potent inhibitors of 5a-reductase than antiandrogens. 



Table 5. 4-Azasteroids as Antiandrogens 



No 


Structure 


Antiandrogenic activity 


Ref. 


rAR or hAR 
(IC 50 , nM) 


Inh. of Shio.cell 
proli.{IC5f> nM) 


% Red. of VP 
wt b (mg/kg/d) 


55 


J 


c 

1 ■ 


H 


c 






14,000(rAR) 




>51 @ 108 


[92,93] 


56 




1 ' 


H 








10,000(rAR) 






[92] 


57 




d 

1 




s 






10.000(rAR) 




>25@90 


[92,93] 


58 


1 


1 " H 




j 


r 

. N ^ 

c5 


1800 (rAR) 




> 23 @ 90 


[92,93] 
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Antiandrogenic activity 




No 


Structure 


r AD r\r HAD 

i Af\ or nMrv 
(IC50 nM) 


| n k rvf QhiA /-oil 

inn. or onio.ceii 
proli.(IC 5 o nM) a 


% RpH of VP 
to r\cU. OI V r 

wt(mg/kg/d) b 


Ref. 




r 










59 


I H 


710(rAR) 


- 


- 


[92] 




O 










60 


I 


930{rAR) 


- 


>23@108 


[92,93] 














61 


I H 


420(rAR) 


- 


>25@90 


[92,93] 














62 




23.000(hAR) 


- 


- 


[96.97] 














63 


i _H 


90(hAR) 






[96,97] 
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Antiandrogenic activity 




No 




Structure 


rAR or hAR 
(IC 50 , nM) 


Inh. of Shio.cell 
proli.(IC 5 o nM) a 


% Red. of VP 
wt(mg/kg/d) b 


Ref. 






°^c/ NH -<0> 










64 


1 * 




5(hAR) 






[96,97] 






CI 










65 


1 * 


cb 


8(hAR) 


- 


- 


[96,97] 






CH 3 / v 










66 


1 




6,000(hAR) 


- 


- 


[96,97] 






o 

H A N ^ C 4H 9 -n 










67 


1 


- 


166 


- 


[98] 






o 

^Jv^ ^ C 8 H 17" n 










68 


1 T 


H 




50 




[98] 
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Antiandrogenic activity 




No 


Structure 


rAR or hAR 

(IC 50 , nM) 


Inh. of Shio.cell 
proli.(IC5Q, nM) a 


% Red. of VP 
wt(mg/kg/d) b 


Ref. 


69 


XX^ 


- 


90 


- 


[98] 




I Th 
I 












o 

■ f 










70 


sXt 6 




46 




[98] 




0 <X^ H X^X 

1 * 












(CHjfeCI 










71 






250 




[99] 


1 ^ 








OH ^/< CH ^ CI 










72 


o*x.^X 
i * 




95 




[99] 




OH 










73 






129 




[99] 












H ^ y ^ {CH2hCl 










74 






67 




[99] 




1 * 











^Antagonism was performed on Shionogi mouse mammary carcinoma cells in the presence of DHT (0.3 nM). Reference compound: hydroxyflutamide; 
IC 50 =54nM. 

b Dihydrotestosterone propionate (0.4 mg/kg/day). Oral administration of antiandrogens. 
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In the C17 reversed amide class, in general, 
antiandrogenic activity increased as the N-alkyl chain 
length increased. For instance, compound 68 showed 
better antiproliferic activity than 67 on DHT-stimulated 
Shionogi cell proliferation. 17p-Hydroxy-17a-(to- 
chloroalkyn-1'-yl)-4-azasteroids, another class of 4- 
azasteroids, also showed good antiandrogenic activity. 
In this class, introduction of the 1,2-double bond also 
increased the potency (compare compounds 71, 72, 
73, and 74). The C4 and C5-chain lengths showed 
similar activity. Replacement of the chloro group by the 
bromo or iodo group also gave similar activity, but the 
corresponding hydroxy group gave inactive 
compounds. 



Singh et at. 

Des-A-steroidal Antiandrogens (Table 6) 

In the steroid series, the presence of the 3-keto and 
17(3-hydroxy groups is essential for interaction with the 
androgen receptor, and is important for biological 
activity. In the des-A-steroidal series, where the 
distance (8.9 A) between the two oxygen functions (3- 
keto and 17(3-OH groups) is much shorter than in the 
steroid series (10.9 A), the tricyclic derivatives showed 
noticeable affinity for the androgen receptor. A methyl 
group at the C10 position and conjugated double bond 
in the B- and C-ring enhanced the receptor affinity. 
When administered subcutaneously to immature 
castrated rats, compounds 7 5-79 reduced prostate 
weight and the most active compound was 76 . 



Table 6. Des-A-steroidal Antiandrogens 



No 



Structure 



Antiandrogenic activity 



RBA B 



% Red. of VP wt (mg/kg/d/sc) 



Ref 



75 




27 @71 b 



[100,101] 



OH 



76 




[100,101] 



77 




50@71 
80 @ 1/ham.(flank organ wt.) 



[100-102] 



RU 38882 



78 




10@71 



[100,101] 



OH 



79 




25@71 



[100,101] 
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Antiandrogenic activity 




No 


Structure 


RBA a 


% Red. of VP wt (mg/kg/d/sc) 


Ref 




OH 








80 




2 


49@71 


[100,101] 




Pr 


















81 






54@ 240 c 


[103,104] 


82 


Q*^s^\^ RO 2-7239 




78 ©17°* 


[105] 



RBA condition: rat prostate, 0°C, [3H]-testosterone, 0.7% ethanol, 24h. 
b Reference compound for in vivo experiment: cyproterone acetate (90% at 14 mg/kg/day). 0.7 mg/kg/day of testosterone propionate. 
c Testosterone propionate (1.5 mg/kg/day). 
^Testosterone. (2 mg/kg/day). 



However, these compounds were weak 
antiandrogens compared to cyproterone acetate (29). 
Similar results were obtained when these compounds 
were tested locally on one hamster flank organ. 
Compound 7 7 reduced flank organ weight by 80% 
while under these conditions, compound 77 was more 
potent when compared to cyproterone acetate [102]. 
In another class of des-A-steroids, Ro 5-2537 showed 
weak antiandrogenic activity and no androgenic activity 
under the assay conditions used. Moreover, 
compound 81 also displayed progestational and 
uterotropic activities. Another tricyclic derivative, 
compound 82, showed potent antiandrogenic activity 



along with antimyotrophic activity. Finally, this study 
provided valuable information that the tetracyclic 
structure, i.e. steroid backbone, is not essential for the 
androgen receptor affinity and antiandrogenic activity. 



Other Steroidal Antiandrogens (Table 7) 

Anthrasteroids 83-86 showed significant 
antiandrogenic activity in vivo, when administered 
subcutaneously. Compounds 83 and 86 also inhibited 
the androgen-dependent tumor growth (Shionogi- 
carcinoma 115)/V? vivo. 



Table 7. Other Steroidal Antiandrogens 



No 


Structure 


Antiandrogenic activity 


Ref. 


RBA 


% Inh. of tumor wt 
(mg/mice/d) 


% Red. of VP 
wt (mg/kg/d) 


83 


OH 




92 @ 2 


; 43 @ 25, sc 


[106] 
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No 


Structure 


A nti androgenic activity . 


Ref. 


RBA 


% Inh. of tumor wt 
(mg/mice/d) 


% Red. of VP 
wt (mg/kg/d) 


84 


OH 






h \ (gj ZD, SC 


[106] 




85 


- OH 
_ 1 \ 






52 @ 25, sc 


[106] 




86 


- 1 J 




69 @ 2 


- 


[106] 


JL J 


87 








no inh. @ 12 


[107,108] 








OH 


























88 




2.7 








[109] 


















Br BOMT 













Non-steroidal Antiandrogens 

Flutamide Derivatives as Antiandrogens 
(Table 8) 

Flutamide and its derivatives are the most used and 
studied antiandrogens. Early development of flutamide 
(8 9) and its clinically proven efficacy led to the 
development of a series of its derivatives. Three non- 



steroidal antiandrogens, i.e. flutamide (89), Anandron 
(114), and Casodex (108), have shown clinical 
benefits in the treatment of prostate cancer. The 
compound having the longest and largest clinical 
experience is flutamide, the first compound in 
prospective and randomized studies to be shown to 
prolong life in prostate cancer when associated with 
medical or surgical castration [46,110,111]. The clinical 
studies of the three non-steroidal antiandrogens will be 
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discussed in the later part of the review. Clinically, the 
most widely studied non-steroidal antiandrogen is 
flutamide, i.e. 2-methyl-4'-nitro-3 , -(trifluoromethyl)pro- 
pionanilide (89). 2-Hydroxylated derivative 90 of 
flutamide is the active metabolite. Structure-activity 
relationships infer that the most active compounds 
contain electron-withdrawing substituents in the 
aromatic ring and a branched alkyl chain a to the amide 

Table 8. Flutamide Derivatives as Antiandrogens 
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carbonyl. Compounds with two electron-withdrawing 
substituents on the aromatic gave a better potency 
than the one substituent (compare 90:91; 
RBA=2. 1:0.2). When the CF 3 group was introduced at 
the C2 position of anilide having only one electron- 
withdrawing substituent, antiandrogenic activity of 
compound increased by five-fold (compare 91:92; 
RBA=0.2:0.9). 



No 


Structure 


Antiandrogenic activity 


Ref. 


RBA 


E°50 (mg/kg/d) 


89 


0 2 N (( j} — NH C CH 

F3C Flutamide (Eulexin) 


<0.2 


0.5, sc 
80%@12,po 


(112] 


90 


0 2 N (Cj)- NH C 

P 3 C Hydroxyflutamide 


2.1 

IC5(y=72 nM (Shio. cell) 


0.5, sc 


[112] 


91 


. . O OH 

0 2 N— (I )>— NH C Ct^ 


<0.2 




[112] 


92 


/ v 0 OH 

II I 

0 2 N \^// NH ° ^~ CF3 


0.9 


5.0, sc 


[112] 


93 


O OH 

Q 2 N— NH ° ^ Cp3 

CF 3 


6.6 


0.15. sc 


[112] 


94 


0 2 N \C_>)/ NH C C— CHF 2 

CF 3 


15.1 


0.12. sc 


[112] 


95 


CH 3 O OH 

° 2N ~(C)/ — N — c — f — 

CF 3 


<0.2 




[112] 


96 


N > O OH 

fr^\ ii i 

Cl^-^f )V- NH C C— CH 2 CI 

y — ch 3 

CI AA560 




93% @ 4, po 


[113] 


97 


> f \ N C— CH 3 

CI 

RU 22273 3 


<0.2 


>10, sc 


[112] 
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No 


Structure 


Antiandrogenic activity 


Ref. 


RBA 


ED50 (mg/kg/d) 


98 


) ' XX C-CF 3 

CI ' . . 

CH 3 


<0.2 


1 .5, sc 


[112] 


99 


ci -^0>-\ ? h 

v C — COCH 3 

ci i 


0.4 


0.2, po 


. [112] 


100 


CF 3 




1 .u, po 


[114] 


101 


o^-^ iLk^H0^ F 




1.1. po 


[1143 


102 


CF, 




23% @ 25(agonist) 


[114] 


103 


o,^p L P S ^> 

CI 




0.5, po 


[114] 


104 


0 OH O 

CF 3 




0.4, po 


[114] 


105 


-o-O ^-^ S ^0> 

CF 3 




1.7,po 


[114] 


106 


CF 3 




1.4, po 


[114] 


107 


CF 3 




1.8. po 


[114] 
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No 


Structure 


Antiandrogenic activity 


Ref. 


RBA 


ED5o(mg/kg/d) 


108 


CF 3 Casodex (Bicalutamide) 


IC 5 o=243 nM(Shio. cell) 


0.5, po 
64% @ 12, po 


[114-116] 


109 


CF 3 




30.0, po 


[116] 


110 


OH o 

NC _P 

CF 3 




0.5, po 


[116] 


111 


d , O OH O 

II I II 
NC ( f ) V- NH C S — C 2 H 5 

/ CH 3 O 

CF 3 




1.1. po 


[114] 


112 


. . 0 OH O 

NC -(OV NH c Nx|-< 

P ' CH 3 O 

CF 3 


- 


10, po 


[114] 


113 


CF 3 


- 


2.0, po 


[114] 


114 


\\ 

0,N— {{]) N NH 

CF 3 O 
RU 23908 (Anandron) 


4.5(T: 100) 
IC 5 o=412nM(Shio.cell) 


58%@10, ip 
94% @ 125, sc 


[57,117- 
121] 


115 


2 — x^J) — N \/ 0 

CF 3 O 
RU 22860 




46%@10, ip 


[57] 


116 


N0 2 \Cj/~ N ^ ^ 0 

F 3 C 

RU 22930 




*60% red. of seb. g. @ 
5 mg/ham. 


[56] 
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No 



Structure 



Antiandrogenic activity 



RBA 



ED50 (mg/kg/d) 



Ref. 



117 




'CH 3 



92 

(R1 881: 290) 
(DHT: 180) 



60@1.0 t po 



[122] 



RU 56187 



NC 



118 



F 3 C 



C^) N N^- ^(CHz^OH 




163 



45@1.0,po 



[122] 



RU 57073 



119 



(0>"Y< (C h 2)4 OH 



300 



23 @ 1 .0, po 



RU 59063 



120 



n ;>v 



Ka=1.4nM 

(T; Ka=0.7 nM) 
ham.(F.O.) 



52% red. of F.O.@ 100 
pg/ham. 



[123] 



RU 58841 



In a compound 94, where all three factors were 
present, the highest potency of the series was 
obtained. SAR revealed several factors which were 
responsible for high antiandrogenic activity. 

1 . An electron-deficient aromatic ring. 

2. A powerful hydrogen bond donor group. 

3. Fixed conformers involved in intramolecular 
hydrogen binding. 




Replacement of the anilide by the alkene gave 
weakly active compounds such as 97. The weak 



activity of this compound can be attributed to the lack of 
possible intramolecular hydrogen binding or the poor 
hydrogen-bond donor capability. Thus, the only way to 
increase electron-donor ability is to introduce electron- 
withdrawing groups a to hydroxy. Thus, compounds 
98 and 9 9 having powerful donor showed stronger in 
vivo activities. 

In the Casodex series, compounds with the cyano 
ornitro group at the 4-position and the chloro 103 or 
trifluoromethyl group 100 at the 3-position of the 
anilide ring gave improved antiandrogenic activity. In 
general, 2-trifluoromethyl compounds, such as 102, 
showed a mixed agonist/antagonist activity. 
Antiandrogenic activities of the sulfide 105, sulfoxide 

106 and sulfone 107 were comparable in vivo and 
sulfones were the major metabolites of the sulfides in 
vivo. In the case of the arylthio analogs, para- 
substituted groups decreased activity, except for 
chloro, which had little effect on potency. However, the 
fluoro group increased potency (compare compounds 

107 and 108). R-Casodex (1 1 0) was 60 times more 
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potent than S-Casodex (109) in vivo. In the alkylthio 
series, potency was optimum for the ethylthio analog 
111 and decreased with increasing size of the alkyl 
group 112. 

Anandron [(S.S-dimethyl-a^'-nitro-S'-ttrifluoro- 
methyl)phenyl}-2,4-imidazolidine dione] exhibited very 
low affinity for AR. While, it competes for either labelled 
T or RU 1881 binding to cytosol from castrated rat 
prostate. Anandron (114) has shown efficacy in the 
treatment of prostate cancer when added to castration 
[124]. Other modifications, such as nitrogen to oxygen 
115, has little effect on the potency of the 
compounds. Dichloro analog also showed similar 
efficacy. RBAs decreased on changing the alkyl group 
to an alcohol moiety. However, N-substituted 
arylthiohydantoins exhibited relatively high binding 
affinity to the rat androgen receptor. The RBA of RU 
59063 (119) was 3 times that of testosterone, and 1 00 
times that of non-steroidal antiandrogens. RU 59063 
could be useful as a marker for AR. Furthermore, unlike 
other markers of AR, it was devoid of any binding to 
other steroid receptors. In vivo, another analog, RU 
56187 (117) showed high antiandrogenic activity. In 
rats, compound 117 was 3 and 10 times more active 
than Casodex and Anandron, respectively. RU 58841 
(120) displayed 2 times less affinity than T for the 
hamster flank organ (F.O.) androgen receptor. 
However, activity was similar for the human androgen 
receptor. In vivo, when applied topically, it provided 
52% regression of flank organ area at 100 ug/hamster, 
while being devoid of antiandrogenic activity on other 
accessory sex organs. 

Flutamide (89), Casodex (108), and Anandron 
(114) are the most studied pure antiandrogens in vitro 
and in vivo and are presently used in the treatment of 
prostate cancer. Recently, considerable efforts are 
being made for the development of pure 
antiandrogens more potent than flutamide, the first 
pure antiandrogen. Considering the rapidly rising 
interest in antiandrogens, especially following the 
demonstration that the addition of flutamide to an 
LHRH agonist prolongs life [51], comparison of the 
three was made, using the most appropriate in vitro and 
in vivo assays, to assess the biological characteristics of 
flutamide, Casodex, and Anandron. Thus, the two-fold 
stimulation of Shionogi cell proliferation caused by a 
10-day exposure to 1 nM testosterone was 
competitively reversed by incubation with OH-FLU (90) 
(IC 5 o=72 nM), Casodex (243 nM) and Anandron (412 
nM). Moreover, marked increase in GCDFP-15 release 
induced by 1 nM testosterone was blocked by OH-FLU 
(35 nM), Casodex (142 nM) or Anandron (75 nM) in ZR- 
75-1 cells. These data demonstrate that the 
antiandrogenic activity of OH-FLU is 3.4-fold more 
potent than Casodex and 5.7-fold more potent than 
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Anandron. Furthermore, OH-FLU is 4.1 times more 
potent than that of Casodex in inhibiting testosterone- 
induced GCDFP-15 secretion in ZR-75-1 cells. These 
data show a greater difference in potency in favor of 
OH-FLU [120]. The in vivo study also is in close 
agreement with the study in vitro. Flutamide is about 
three times more potent than Casodex in inhibiting 
ventral prostate and seminal vesicle weight in 
orchiectomized rats supplemented with A4-dione 
[125], 

Quinoline Derivatives as Antiandrogens 
(Table 9) 

In 1998, workers from Ligand described a series of 
1 ,2-dihydropyridono[5,6-g] quinoline derivatives as 
androgen receptor antagonists [126-132]. Quinoline 
121 showed potent antiandrogenic activity along with 
antiprogestin activity (IC 5 cr=49 nM). Introduction of the 
C9 methyl group increased the selectivity between AR 
(IC 5 tf=23 nM) and PR (IC 50 =3346 nM) for compound 
123. Reduction of the 3,4-double bond of quinoline 
derivatives did not affect 1 the potency. However, it 
greatly improved in vivo efficacy. In general, alkylation at 
the bottom part of molecules increased the activity. 
Methylation of the pyridone nitrogen 127-12 9 did not 
affect the antiandrogenic activity, but it enhanced the 
selectivity for AR over PR. A clear trend in activity did 
not arise from the alkylation of the quinoline nitrogen. 
However, methylation of both nitrogen 130 and 131 
did not change the activity. Chemical substitution at C2 
was essential for antiandrogenic activity. Substitution at 
the 2, 3, and 4 positions was tolerable. 

Compounds 121, 124, 125, and 127 were 
evaluated for their in vivo efficacy. Reduction of 
testosterone propionate (1 mg/kg, sc) induced ventral 
prostate in castrated rats at oral administration (30 
mg/kg, po) of once a day for 3 days was 57, 55, 71 , and 
49%, respectively. Whereas flutamide gave a 100% 
reduction of VP weight, unsubstituted at the C4 
position 12 5 gave the highest in vivo efficacy of the 
series. 



Cyclocymopol Analogs as Antiandrogens 
(Table 10) 

Cyclocymopol monomethyl ether was isolated from 
a crude organic extract of the marine alga C. barbata 
and exhibited activity against the human androgen 
receptor and human progesterone receptor [133-136]. 
The acetate 139 of cyclocymopol monomethyl ether 
was a weak antiandrogen. However, the selectivity was 
significant for AR over PR (IC 50 > 10,000 nM). SAR 
study revealed that bromo, hydroxy, and methoxy on 
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Table 9. Quinoline Derivatives as Antiandrogens 
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(Table 9). contd 



No 



Structure 



Antiandrogenic activity 3 



hAR in CV-1 cells (IC 5a , nM) hAR Binding (Ki, nM) 



Ref. 



130 




46 



39 



[126] 



131 




19 



17 



[126] 



132 




30 



73 



[126] 



133 




27 



54 



[126] 



134 



159 



650 



[126] 



a OH-FLU: hAR (IC5 0 =15 nM) and hAR binding (IC5o=27 nM). 



the aromatic ring were not necessary for the optimal 
activity (compare compounds 135 and 140). In fact, 
replacement by the nitro group gave the most active 
compound 135 of the series. Moreover, the bromo 
group in the cyclohexyl ring was also not essential for 
activity (compare compounds 139 and 140). 
Replacement of the exo-cyclic double bond 140 by 
cyclopropyl 142 or hydroxy 143 did not affect the 
activity. The gem-dimethyl group was essential for 
activity. Majority of the compounds also showed PR 
antagonist activity. 



was comparable. A chiral center next to the nitrogen 
atom was essential for the high potency of the fluoro 
compounds. Other phthalimide derivatives showed 
moderate activities and were comparable to flutamide 
(34% inhibition at 1 uM). The inhibitory activity on 
androgen-induced activation of the nuclear androgen 
receptor was also evaluated in a CAT assay, and it well 
correlated to the antiandrogenic activity evaluated by 
the growth inhibition assay in Shionogi cells. 

Other Non-steroidal Antiandrogens (Table 12) 



Phthalimide Derivatives as Antiandrogens 
(Table 11) 

Antiandrogenic activity of various phthalimide 
analogs was evaluated against testosterone (10 nM)- 
stimulated Shionogi cells proliferation. 
Tetrafluorophthalimides 149-152 showed potent 
antagonistic activity. The activity of both enantiomers 



1,1-Dichloro-2,2-bis(p-chlorophenyl)ethylene (1 54), 
the major and persistent metabolite of DDT (1 ,1,1- 
trichloro-2,2-bis(p-chlorophenyl)ethane) inhibits andro- 
gen binding to the androgen receptor. The in vitro 
potency of p,p-DDE (154) was comparable to 
hydroxyflutamide (OH-Flu; 50% inhib. at 0.2 uM). In 
adult rats, treatment with p,p -DDE (200 mg/kg, po) for 
4 days reduced seminal vesicle (16%) and ventral 
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Table 10. Cyclocymopol Analogs as Antiandrogens 







Antiandrogenic activity 




No 


Structure 


hAR(IC 5 f> nM) a 


Ref 




NO2 






135 


dog 


66 


[135,136] 




OMe OH 






136 


l X 

OH ' x 


180 


[135,136] 


137 


TO 

OH * x 


210 


[135,136] 


138 


TO 


220 


[135,136] 




OMe 






139 


1 

OAc / ^ 


230 


[135,136] 


140 


OMe 


240 


[135,136] 










141 




250 


[135,136] 




OMe 






142 




250 


[135,136] 


143 




290 


[135,136] 


144 


OH ' 


300 


[135,136] 



a Antiandrogenic activity was performed on the human androgen receptor utilizing CV-1 cells. 
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Table 11. Phthalimide Derivatives as Antiandrogens 



No 


Structure 


Antiandrogenic activity 
Shio cells (% inhib. at 1 uM) 


Ref. 


145 








44 


[137] 


146 


F 




0 


39 


[137] 


147 


o ci 
o cr 


31 


[137] 


148 


F 


55 


[137] 


149 


F 


F 


)) 


84 


[137] 


150 


F 

F 


F 


97 


[137] 


151 


^^^^ 


98 


[137] 


152 




95 


[137] 


153 


DIMP 


-O 


(RBA: 2.55) 
(R1881: RBA:100) 


[109] 
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OH 
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p,p % -DDE, 154 
Ki=3.5 mM (rAR) 
50% inhib. @ 0.2 M M (hAR) 



(CH 2 i,CH 



OCH. 



•CoH s 



X-Anandron®, 158 



H 3 C OH 



WS 9761A(X=H), 155 
IC5o=0.86^iM 

WS 9761B(X=OH), 156 
IC5o=0.45nM 




159 

33% inhib. @ 10 mg/kg 




L-245976, 157 
ICsq* 28 M M (hAR) 




WB 2838.160 
10^= 0.8 nM (rAR) 





OH 



161 

69% inhib.@ 20 ng (rAR) 



162 

52% inhib.@ 20 ng (rAR) 




CH ^CH 
""(CH 2 ) C ^X 

163 



prostate weight (30%). These results support the 
hypothesis that the antiandrogenic effects of DDT on 
the male reproductive system are mediated by p,p'- 
DDE [138]. Compounds 155 and 156, isolated from 
the fermentation broth of a Streptomyces strain 
microorganism, were moderately active as 
antiandrogens [139,140]. In DDT1 cells, L-245976 
(157) completely blocked the action of testosterone 
(10nM)at 10 pM, whereas hydroxyflutamide at 1 pM 
had a similar effect. Moreover, compound 157 also 
exhibited low affinity for AR (IC50W 28 pM) compared to 
hydroxyflutamide (I C50 « 100 nM) [141]. Antiandrogen 
158 blocked DHT binding to androgen receptors from 
fibroblasts of frontal skin from alopecia patients by 80%, 
and of fibroblasts from facial skin by 78-93% [142]. 
Other non-steroidal antiandrogens 159-163 have 
also been reported to display good antiandrogenic 
activity [112,143-145]. 

Clinical Results 

Over the past thirty years, little progress has been 
made in the development of potent antiandrogens. 



Few of them have shown a promising response in pre- 
clinical studies. Moreover, clinical studies remain to be 
done to further define their efficacy in the treatment of 
prostate cancer and skin related diseases. So-far, 
flutamide and its derivatives have displayed good 
clinical benefits in human, and are extensively used. 
The clinical results of these antiandrogens are 
summarized in this last section of the review. 



Cyproterone Acetate (CPA; 29; Table 3) 

An EORTC study compared the clinical results of 
CPA, DES and MPA in 210 patients. The efficacy of 
CPA and DES was similar when compared for 
progression and survival rates while MPA was less 
effective [146,147]. When compared to flutamide, this 
progestin has significant intrinsic androgenic and 
estrogenic activities. CPA causes estrogen-like 
complications such as thrombosis, cardiovascular side 
effects, gynecomastia, and adverse effects on serum 
lipoproteins [148-150], Virilization effects were seen in 
all the female fetuses examined when pregnant guinea 
pigs were given cyproterone acetate, thus providing 
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early evidence of androgenic activity [151]. The effects 
of flutamide and the steroidal derivatives, cyproterone 
acetate, chlormadinone acetate, megestrol acetate and 
medroxyprogesterone acetate were compared in vivo 
in female nude mice bearing androgen-sensitive 
Shionogi tumors. All steroidal compounds stimulated 
tumor growth while flutamide had no stimulatory effect 
[51]. Thus, CPA due to its intrinsic properties 
stimulates androgen-sensitive parameters and cancer 
growth. Cyproterone acetate added to castration has 
never been shown in any controlled study to prolong 
disease-free survival or overall survival in prostate 
cancer when compared with castration alone [152- 
155]. 

Flutamide (89; Table 8) 

The first pure antiandrogen was discovered in 1967 
by Neri et al. at Schering-Plough. Flutamide, an orally 
active antiandrogen, is rapidly metabolized to the active 
compound hydroxyfiutamide, which accounts for 
almost all metabolites of flutamide present in the 
circulation. For the treatment of cancer, flutamide is 
administered at the dose of 250 mg every 8 hours. For 
the treatment of hirsutism and androgenic alopecia in 
women, a twice daily dose of 250 mg was used [7]. Two 
large-scale double blind studies have shown that 
combination of flutamide and medical castration 
increases the number of responders, and most 
importantly increases overall survival by an average of 
7.3 months when compared with an LHRH agonist and 
orchiectomy, respectively [110,111]. These studies 
demonstrate that pure antiandrogens should always be 
given in combination with medical (LHRH agonist) or 
surgical (orchiectomy) castration as first treatment at the 
start of therapy. 

Since localized disease provides the only 
opportunity for cure of prostate cancer, the 
combination therapy was next administered to patients 
at earlier stages of the disease. Randomized studies 
performed in patients have recently demonstrated that 
combination therapy administered for 3 months before 
radical prostatectomy increases the proportion of 
patients having organ-confined disease by about 50% 
while the same approach associated with radiotherapy 
has been show to delay the time to progression 
[51,156], Loose bowel movements or diarrhea is 
observed in 5-9% of cases. No cardiovasculary effects 
are observed. When given in combination, no 
gynecomastia or breast tenderness is observed. 

Anandron (114; Table 8) 

Anandron (Nitulamide) is well absorbed after oral 
administration. Anandron is usually administered at a 
daily dose of 300 mg per day for one month followed by 
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the daily maintenance dose of 150 mg. Nitulamide 
given in association with orchiectomy in advanced 
prostate cancer has shown, in randomized and 
prospective studies, a greater proportion of 
responders, a longer duration of disease-free survival 
and an increase of an average of 5.4 months and 7.3 
months in overall survival compared to orchiectomy 
alone [157,158]. Other data have shown an improved 
response and an improved quality of life [159,160]. In 
analogy with flutamide, the benefits of Anandron are 
much superior when given as first treatment. Visual 
adaptation to darkness is impaired in 20-40% of 
patients. Mild gastrointestinal disturbances were found 
in a few patients and interstitial lung disease is 
unfrequent. 

Casodex (108; Table 8) 

Casodex (bicalutamide) is an orally bioavailable and 
well absorbed antiandrogen. In a randomized, 
multicenter and open study in 376 patients with 
metastatic prostate cancer, the effect of Casodex (50 
mg/day) was compared with orchiectomy. At 3 months, 
PSA was reduced by 86% in the Casodex group and 
by 96% in the orchiectomy group [161]. 
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ABSTRACT 

Oral contraceptives (OCs) can reduce acne by lowering the production of adrenal and ovarian androgens, by inhibiting 5- 
alpha-reductase, which in turn, reduces the levels of dihydrotestosteronc, and by stimulating sex hormone binding globulin 
(SHBG), thus reducing the levels of free testosterone. In newer OCs, such as Tricyclen and Diane-35, the progestin 
component is minimally androgenic and anti-androgenic respectively, thereby enhancing the favorable profile of these 
products in the treatment of hyperandrogenic disorders, including acne. The efficacy of these agents and their long-term 
safety profile supports their use in various grades of acne in females: 

• as adjunctive therapy to topical agents for women with mild non-scarring acne desiring oral contraception 

• as primary therapy for patients with moderate non-scarring acne in combination with topical therapy and systemic 
antibiotics 

. as one of two preferred methods of contraception in patients with scarring and severe inflammatory acne being treated 
with systemic isotretinoin. 
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Acne is initiated by the effect of androgens on pilosebaceous units 
resulting in sebaceous hypersecretion and follicular occlusion. 
Hormonal therapy in acne is, therefore, rationally directed at 
interrupting this initial phase in the sequence of acne pathogenesis. 
Oral contraceptives have been available since 1960, and have 
evolved to contain less estrogen, thus minimizing the risk of 
thromboembolic events, hepatic tumors, hypertension, and altered 
glucose metabolism. As well, present day OCs include progestins, 
which have less intrinsic androgenicity. These developments in 
OC pharmacology also led to their usefulness in treatment across 
the spectrum of acne severity in females. 1 

Hormonal Pathways in Acne Pathogenesis 

Androgens that are relevant in acne pathogenesis include 
dihydrotestosterone (DHT), testosterone (T), androstenedione (A) 
and dehydroepiandrosterone-sulfate (DHEA-S). The production of 
these androgens from ovaries and adrenal glands is mediated by 



gonadotrophins. Testosterone is converted to the biologically more 
potent 5-dihydrotestosterone (5-DHT) by 5-alpha-reductase. The 
bioavailable testosterone fraction is considered to be biologically 
active and comprises the free fraction of testosterone and the 
fraction bound by albumin. Levels of free testosterone are inversely 
related to levels of sex hormone binding globulin (SHBG). 

Oral Contraceptives 

OCs, which contain estrogen and progestins, directly affect 
androgen physiology and can therefore impact acne. Potential 
mechanisms of the therapeutic effect of estrogens include: 

• decreased production of adrenal (DHEA-S) and ovarian 
androgens (A, T) 

• inhibition of 5-alpha-reductase leading to the reduction of DHT 
levels 

• stimulation of SHBG, reducing levels of free T 
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fK^i^f^T. ' Progesterone derivatives 
Istrories (norethindrone related) 


Norgcstrel 


Norethindrone 


Cyproterone acetate 


Levonorgestrel 


Norethindrone acetate 




Dcsogestrel 


Ethynodiol diacetate 




Gestodene 


Lynestrenol 




Norgestiniate 







Table 1: Overview of Progestins 

Progestins vary in their androgenic potential and may therefore 
have variable effects on acne. The most commonly used progestins 
in OCs are 19-nortestosterone derivatives (see Table I). 2 
Progestins with the lowest androgenic potential (e.g., desogestrel, 
norgestimeate, cyproterone acetate) are more appropriate in the 
treatment of acne and other hyperandrogenic disoders. 

Hormonal Preparations Approved for 
Treatment of Acne 

1. Ethinyl estradiol 0.035mg with norgestiniate in increasing 
doses of 0.180mg/0.215mg/0.250mg (Tricyclen): 
Norgestimate has low intrinsic androgenicity with low binding 
affinity for androgen receptors, whereas it is strongly selective 



and avidly bound to progesterone receptor sites. Two 6-month, 
randomized, double-blind placebo-controlled trials involving 
507 females with moderate acne showed clinically and 
statistically significant reduction of inflammatory lesions and 
total lesion counts. 3 * 4 Moderate acne was defined as 6-100 
comedones, 10-50 papules or pustules, and no more than 5 
nodules. The mean decrease in inflammatory lesion count was 
12, or 62% from baseline (compared to 8 lesions or 39% for 
placebo), and the decrease in total lesion count was 29, or 53% 
(compared to 14. or 27% in placebo).; No significant changes 
for nodules were noted. A 50% reduction in total lesion count 
was attained between the 4 th to 6 th month of treatment, with a 
plateau of effect attained at 6 months. 



^^$M$WB^^MS^ : ^Erklcolafet: al (1990) 12 Aydinlik eh al (1990) 13 Gollnick et. ah (1998) 14 


Randomized? 1 Yes 


No 


No 


Placebo-controlled? 


No 

Compared to 

desogestrel/ethinyl estradiol* 


No 


No 


Blinded? 


No 


No 


No 


Standard 
Dermatological 
Assessment and Outcome 
Endpoints 


No 

"healing/improvement" 
"complete healing" 


No 

"healing/improvement'* 
"definitive healing" 
"complete healing" 


Yes: Lesion counts and acne 
grading 


Sample Size 

At Start/At Completion 


162/133 


1161/1071 (after 6 months); 
850 (after 12 months); 
192 (after 36 months) 


890/794! 


Duration of Treatment 


9 months 


Maximum 36 months 


6 months 


Efficacy 


Complete healing: 60% 
Healing/Improvement: 81% 


Heal i ng/i mprovement : 
72% (at 6 months); 
90% (at 12 months) 


Lesion count reduction 73%; 
reduction in acne grade in 64% 


Adverse Events 




Headache (7%), nausea (5%), 
breast tension (13%), 
melasma (7%) 


Breast tenderness (12%), 
headache (9%), nausea (6%). 
nervousness (4%), dizziness(3%) 



Table 2: Summary of Pivotal Studies for Diane-35 
* desogestrel 0.15 mg with ethinyl estradiol 0.03 mg 
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2. Ethinyl estradiol 0.035mg and cyproterone acetate 2mg 
(Diane-35): 

Cyproterone acetate (CPA) is an analogue of 
hydroxyprogesterone and has progestational activity. It acts as a 
potent antiandrogen by competitive inhibition of T and DHT 
binding to the androgen receptors, and by inhibiting 
gonadotropin secretion. It is currently available in a dose of 2mg 
CPA in combination with ethinyl estradiol (Diane-35). Higher 
doses of CPA (50-100mg/d) may be required in treatment of 
more refractory acne or if associated with hyperandrogenization. 5 
The effectiveness of Diane-50 (containing 0.05mg of ethinyl 
estradiol and 2mg of CPA) for the treatment of acne has been 
demonstrated in placebo-controlled and antibiotic-comparative 
trials. Two randomized controlled trials compared Diane-50 to 
systemic antibiotics in the treatment of acne. In a 6-month trial of 
78 patients randomized to minocycline 50mg po bid or Diane-35, 
papules were reduced by 73% and 70%, and pustules by 77% 
and 83%, respectively 6 A similar 6-month trial evaluating Diane- 
50 compared to tetracycline 500mg po bid in 92 women showed 
reduction in lesion counts of 74% and 68% respectively 7 . 
Two randomized controlled trials compared Diane-35 to Diane- 
50, one for 9 months and the other for 12 months. They 
demonstrated that these preparations were similarly effective in 
the treatment of acne a ' 9 In a 6-month study of 133 patients - 
randomized to treatment with Diane-35, Diane-50 or 
levonorgestrel 0.15mg/ethinyl estradiol 30mg, the reduction in 
acne lesions from baseline was 72%, 70%, and 35% 
respectively. 10 

The three pivotal studies referred to in the Canadian product 
monograph 1 1 for Diane-35 are summarized in Table 2. 12 " 14 One 
trial was randomized, comparing Diane-35 to desogestrel 0.15 
mg/ethinyl estradiol 0.03mg, but was unblinded, introducing the 
potential for observer or patient bias. Standard dermatological 
outcome parameters for acne, such as lesional counts or change in 
acne grade, were used in only one study. In that study fifty 
percent reduction in lesion counts was attained between the 2 nd to 
4 lh month of treatment. 14 Two studies used non-standard, 
subjective outcome parameters such as "healing/improvement", 
"complete healing" and "definitive healing" which are of limited 
utility in outcome assessment across studies. 



Summary 

Currently available OCs such as Tricyclen and Diane-35, 
containing progestins with minimal androgenic and anti- 
androgenic potential respectively, provide an important 
therapeutic option for women with acne. Their proven efficacy 
and long-term safety profile support their use for various grades 
of acne in females. 
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Drug Treatments For Skin Disease Introduced in 2000 



Anti-acne 
Agent 



Antibacterial 
Agent 



Antifungal 
Agent 




Labelled Indication 



Approving 
Regulatory Agency 



Chloramphenicol, 
Sulphur, Hydrocortisone 
Acetate, 2-butoxyethyl 
Nicotinate, Allantoin 

Actinac 
Aventis Pharma 



Clindamycin Phosphate 
& Benzoyl Peroxide 

Clindoxyl Gel 
Stiefel Canada 



Clindamycin Phosphate 

Clindasol Cream 1% & 
Clindets Pledgets 
Slicfel Canada 



Levofloxacin 
Tablets/Injection 

Levaquin Tablets/Injection 
Ortho Pharmaceuticals 



Line/did 

Zyvox 

Pharmacia & Upjohn 



Silver Sulfadiazine 

Flamazine 
Smith & Nephew 



Amphotericin B 
Liposome for Injection 

Ambisome 
Fujisawa Canada 



Ciclopirox Olamine 1% 

Ijoprox Cream, Loprox lotion 
Dermik Laboratories 



Ketoconazole 2% Cream 

leva Pharmaceuticals 



Antihistamines 



Anti- 
inflammatory 
Agent 



Antipsoriatic 
Agent 



Terbinafine HC1 1% Solution 

iMmisil 
Novartis 



Terbinafine HC1 

Gen-Terbinafine 250mg Cap 
Genpharm 



Terbinafine HC1 

Novo-Terbinafine 125- 
250rng Cap 
Novopharm 



Terbinafine HCI 

Terbinafine - 250 
Pro Doc Limitee 



Loratadine 

Claritin 

Schering-Plough 



Trimeprazine Tartrate 

Panectyl 
Aventis Pharma 



Amlexanox 5% Paste 

Apthera 

Access Pharmaceuticals 



Calcipotriol 

Dovonex Cream & Ointment 
Leo Pharma 



For the treatment of mild to moderate acne 



For the treatment of mild to moderate acne 



For the treatment of mild to moderate acne 



• Additional indication for the treatment of 
complicated skin and skin structure infections at a 
higher dose of 750mg once daily 



» For the treatment of complicated skin/skin structure 
infections, infections caused by vancomycin resis- 
tant Enterococcits, and hospital acquired pheumonia 



» Previously available for superficial skin infections 



» For the treatment of systemic or disseminated infec- 
tions due to Candida, Aspergillus or Crypiococcus in 
patients refractory to, or intolerant of conventional 
amphotericin B therapy, or suffer renal impairment. 



TPP - Canada 



TPP - Canada 



TPP -Canada 



US FDA 



US FDA 



TPP - Canada 



TPP - Canada 



• For the treatment of fungal infections 



• For the treatment of fungal infections 



• For the treatment of interdigital athlete's foot, jock 
itch and ringworm. Switched from prescription to 
OTC status 



• For the treatment of interdigital athlete's foot Jock 
itch and ringworm. Switched from prescription to 
OTC status 



» For the treatment of interdigital athlete's foot, jock 
itch and ringworm. Switched from prescription to 
OTC status 



> For the treatment of fungal infections 



• For the treatment of chronic idiopathic urticaria and 
seasonal allergies in children > 2 years of age 



• Antipruritic 



• For the treatment of aphthous ulcers (canker sores) 



• New indication for the treatment of psoriasis, used 
in combination with topical corticosteroids, 
cyclosporin A. acitretin, and phototherapy (PUVA 
or UVB) 



TPP - Canada 



US FDA 



US FDA 



TPP - Canada 



TPP - Canada 



TPP - Canada 



US FDA 



TPP - Canada 



TPP - Canada 



TPP - Canada 
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Approving 
Regulatory Agency 


Antir ejection 
Agent 


Cyclosporin 

Gengraf 

Abbott Laboratories 


• For the prevention of organ rejections in kidney, 
liver and heart transplants. It is the bioequivalent to 
Neoral (Novartis Pharmaceuticals) 


US FDA 


And rosacea 
Agent 


Metronidazole 

Rosasol Topical Cream, 1% 
Stiefel 


• For the treatment of rosacea 


I rr - Canada 


Antiviral 
Agent 


Docosanol Cream 10% 

Abreva 

Glaxo Smith Kline 


• For the treatment of recurrent oral facial herpes 
simplex infections 


US FDA 
(OTC) 




Interferon-Alpha 

Veldona 

Amarillo Bioscience 


• For the treatment of papillomavirus warts in the oral 
cavity of HIV positive patients 


US FDA 
(Orphan Drug 
Designation) 


Corticosteroids 


Flumethasone Pivalate 

PMS- FL U MET HA SONE- 

CLIOQUINOL 

Pharmascience 


• For the treatment of otitis externa, and otomycosis 
due to aspergillus niger. It is the generic form of 
Locacorten Vioform (Novartis) 


TPP - Canada 




Prednicarbate 0.1% 

Dermatop Emollient Cream 
& Dermatop Ointment 
Dermik Laboratories 


• For the relief of the inflammatory and pruritic 
manifestations of acute and chronic corticosteroid- 
responsive dermatoses 


TPP - Canada 


Dermatosclerosis 
Agent 


Halofuginone 

Collgard 

BiopTiarmaceuticals 


• For the treatment of scleroderma 


US FDA 
(Orphan Drug 
Designation) 


HIV/ AIDS 


Amprenavir 

A gene rase 
Glaxo Wellcome 


• For use in combination with other anti-retroviral 
agents for the treatment of Pi-experienced HIV 1 
infected adults and children > 4 years of age 


CPMP - Europe 




Lamivudine, Zidovudine 
& Abacavir 

Trizivir 

Glaxo Wellcome 


• For the treatment of HIV infection 


US FDA 


Hormonal 
Preparations 


Testosterone Gel 

AndroGel 1% 
Unimed Pharmaceuticals 


• For the treatment of low testosterone levels linked 
with reduced sex drive/impotence, reduced lean 
body mass, reduced bone density, and lowered 
mood/energy levels in men who have not had breast 
or prostate cancer. 


US FDA 


Immunomodulators 


Tacrolimus Ointment 

Protopic 
Fujisawa 


• For the treatment of moderate-to-severe atopic 
dermatitis or eczema 


US FDA 


Keratolytic 
Agent 


Diclofenac Sodium 

Solaraze (US) 
Sola rase (Canada) 
SkyePharma PLC 


• ror the treatment or actinic Keratosis 


US FDA 
TPP - Canada 




5-fluorouracil 
Microsponge 

Solex 

Advanced Polymer Systems 
/ Dermik Laboratories 


• For the treatment of actinic keratoses 


US FDA 


Neurotoxin 


Botulinum Toxin Type B 

Myobloc 

Elan Corporation 


• For the treatment of patients with cervical distonia to 
reduce the severity of associated abnormal head posi- 
tion and neck pain. Past experience suggests that it 
will likely attract off-label use for wrinkle correction. 


US FDA 


Oncologic 
Agent 


Alitretinoin 0.1% Gel 

Panretin 

Ligand Pharmaceuticals 


• For the treatment of cutaneous lesions from AIDS- 
related Kaposi's sarcoma. 


CPMP -Europe 




Bexarotene Capsules 

Targretin 

Ligand Pharmaceuticals 


• For the treatment of all stages of cutaneous T-cell 
lymphoma in patients who are refractory to > 1 
prior systemic therapy. 


US FDA 




Bexarotene 1 % Gel 

Targretin 

Ligand Pharmaceuticals 


• For the treatment of cutaneous lesions in patients 
with early-stage cutaneous T-cell lymphoma who 
cannot tolerate other therapies. 


US FDA 
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Approving 
Regulatory Agency 



Oncologic 
Agent 


Bleomycin 

Gensia'Sicor 
Pharmaceuticals 


• This generic injection form of Bristol-Myers 
Squibb's bleomycin (Blenoxane) tentatively 
approved for the management of sauamous cell 
carcinoma, lymphomas and testicular carcinoma 


US FDA 




Cyclophosphamide 25mg 
and 50mg Tablets 

Roxane Laboratories 


• For treatment of certain forms of cancer to be used 
in combination with other antineoplastic therapies 


US FDA 




Hydroxyurea 

Barr Laboratories 


• This generic formulation approved for use in the 
treatment of melanoma 


US FDA 




Paclitaxel 

Paxene 

IVAX/Bristol-Myers Squibb 


• For the treatment of AIDS-related Kaposi's sarcoma 
in patients who have failed prior liposomal anthra- 
cycline therapy. 


TPP - Canada 


Pediculocides 


Piperonyl 

Butoxide/Pyrethrins 

Rid Mousse 
Soltec Research 


• For the treatment of head, pubic (crab), and body 
lice 


US FDA 


Photo-aging 


Tretinoin Cream 

Renova 0.02% 
Ortho Pharmaceuticals 


• For reducing fine facial wrinkles associated with 
chronic sun exposure and the natural aging process. 


US FDA ' 




Tretinoin Cream 

Renova 0.05% 
Ortho Pharmaceuticals 


• For use in the mitigation of fine wrinkles, mottled 
hypcrpigmentation and tactile roughness of facial 
skin 


US FDA 


Scalp 

Dermatoses 


Clobetasol Propionate 

Olux Foam 0.05% 
Connetics 


• For the short-term topical treatment of inflammatory 
and pruritic manifestations of moderate- to-severe 
corticosteroid-responsive dermatoses of the scalp. 


US FDA 


Topical 
Anesthetic 


Lidocaine & Procaine 

EMIA Cream & Patch 
AstraZeneca 


• Topical anesthetic for dermal analgesia 


TPP - Canada 


Transdermal 

A opnt 


Estradiol Transdermal 
System 

Vivelle 

Novogyne Pharmaceuticals 


• For the additional indication of postmenopausal 
osteoporosis for this transdermal estrogen patch 


US FDA 


Urticaria 


Fexofenadine HC1 

Allegra 

Aventis Pharmaceuticals 


• For the additional treatment of uncomplicated skin 
manifestations of chronic idiopathic urticaria in 
adults and children > 6 years of age 


US FDA 


Vaginal 

Pre n ft r fit in n c 


Butoconazole Nitrate 

Gvnazole 2% Vaginal Cream 
KV Pharmaceuticals 


• For the treatment of vaginal yeast infections using 
only one dose. 


US FDA 




Clotrimazole 2% 

Clotrimazole 2% Three 
Day Vaginal Cream 
Taro Pharmaceuticals 


• OTC for the treatment of vaginal yeast infections 


US FDA 




Estradiol Vaginal Ring 

Estring 

Pharmacia and Upjohn 


• For the treatment of urogenital symptoms associated 
with postmenopausal vaginal atrophy 


US FDA 


Wound Care 


Tissue Engineered 
Collagen Matrix 

Oasis Wound Dressing 
COOK's 


• For the treatment of full-thickness skin injuries 


US FDA 




Graftskin 

Apligraf , 
Novartix Pharmaceuticals 


• For expanded use with conventional diabetic food 
ulcer care in the treatment of diabetic food ulcers > 
3 weeks in duration 


US FDA 




"Intelligent" Dressing 

Acemannan Hydrogel 
Carrington Laboratories 


• For the management of postsurgical incisions, first- 
and second-degree burns, arterial and venous stasis 
ulcers, pressure ulcers, and foot ulcers 


US FDA 



TPP: Health Canada, Ottawa - Therapeutic Products Program 

FDA: United States Food and Drug Administration 

CPMP: European Union's Committee for Proprietary Medicinal Products 
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Roche lHtr©dueei'l^ew'Driiig''Wiirifihgs 
for Accutane in US 

As a result of recent meetings held by the US FDA, Roche has introduced further steps to inform 
doctors and patients about possible side effects by their anti-acne drug Accutane (isotretinoin), such 
as birth defects, mental disorders and suicide; 

Doctors must now make sure their patients sign a consent form that explains the drug's possible risks 
before they can write the prescription for this drug. As well, each prescription for Accutane will 
include a consumer-friendly pamphlet that details the benefits and the possible side effects. 
Accutane labelling already includes both birth defects and mental disorders. Roche has taken several 
steps to publicize the drug's potential teratogenic effects, including an elaborate pregnancy 
prevention program, as well as a tracking program monitored by the Slone Epidemiology Unit in 
Boston, Massachusetts. However, in spite of this, some women who were taking Accutane became 
pregnant each year. 

In addition to addressing birth defects as a possible side effect, the new consent forms also advise 
patients to look for signs of depression, e.g., feelings of sadness, irritability, fatigue or loss of 
appetite. Health officials are not certain whether Accutdne does i'ndeed cause problems with 
depression, suicidal thoughts and mood disorders. ; 



American Academy of Dermatology 
Issues Policy Statement on Accutane 

In November 2000, the American Academy of Dermatology (AAD) issued a new policy statement on 
Accutane (isotretinoin, Roche), which reads as follows: 

• The Academy is committed to the safe and responsible use of isotretinoin. • 

. The Academy calls on the FDA not to limit the ability of qualified patients, in consultation with 
their physician, to receive isotretinoin. 

• The Academy supports more education for physicians and patients on potential pregnancy 
hazards. ^■^:%"&:f;SA:/ : :'\ : ^ 

• The Academy opposes the inclusion of isotretinoin on a list of drugs that can only be obtained 
by registered physicians and patients. 

• The Academy calls for a study designed to determine if there is a direct causative link between 
isotretinoin and psychiatric events.. 

• The Academy calls upon the American Medical Association to support its efforts to ensure the 
continued accessibility to, and medically appropriate use of, isotretinoin. 

The AAD indicated that patient safety is its primary concern, and feels that education of physicians 
and their patients, rather, than regulation, is the best way. to ensure safe and effective results with this 
medication. ' . ,i # , ; 
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Update on Drugs 



(stese 




S^%-?;£t; r Approval Dates and Comments 


Antihistamine 


Loratidine 

Claritin 
Schering-Plough 


Schering-Plough submitted an abridged application to the US FDA 
and to the buropean Regulatory committee itrmrj in jdnudiy 
2001, to market their non-sedating antihistamine in a rapidly 
disintegrating tablet form for the treatment of seasonal allergic 
rhinitis and chronic idiopathic urticaria in adults and children >12 
vpars of aj?e 


Antiviral Agent 


Varicella Zoster Immune 
Globulin 

VariZIG 

Cangene 


TPP-Canada approved this hyperimmune product in January 2001. 
VariZIG is a highly purified and specialized antibody against the 
varicella zoster virus that causes chicken pox. 


Antihistamine 


Levocetirizine 

Xyzal/Xusal 
Sepracor 


The German Health Authorities approved this new generation 
antihistamine in January 2001, for the treatment of seasonal allergic 
rhinitis, perennial allergic rhinitis and chronic idiopathic urticaria. 


Enzyme 

Replacement 

Therapy 


Agalsidase Beta 

Fabrazyme 
Genzyme General 


The US FDA completed its review of the biologies licensing 
application in December 2000, for this investigational enzyme 
replacement therapy for Fabry disease. Genzyme must supply 
additional data and conduct a Phase IV trial before the US FDA will 
give their approval. 


Atopic Dermatitis 
Agent 


ASM 981 Cream 1% 

Novartis Pharmaceuticals 


An NDA was submitted to the US FDA in December 2000, for this 
non-steroid, skin-specific cytokine inhibitor for the treatment of 
atopic dermatitis or eczema. 




Antiviral Agent 


Docosanol 10% Cream (Abreva) was launched in January 2001, by SmithKline Beecham. It is the first OTC 
cold sore medication to be approved by the US FDA for reducing the healing time and duration of 
symptoms. 


Antiviral Agent 


Novartis Pharmaceuticals has acquired the antiviral products Famvir (famciclovir) and Denavir 
(penciclovir) from SmithKline Beecham for the treatment of herpes. 


Atopic Dermatitis 
Agent 


According to results presented at the annual meeting of the American College of Asthma, Allergy and 
Immunology in October 2000, topically applied strontium salts may be effective for treating itch and 
sensory irritation. Dr. G.S. Hahn from Cosmederm Technologies stated that when atopic subjects were 
treated with 20% strontium nitrate in a 5% ethanol/water vehicle vs. the vehicle alone, 70% of strontium 
treated sites had less itch than the vehicle treated sites. Topically applied strontium is very safe and can be 
found in more than 30 cosmetic and dermatological products sold around the world. 


Allergic Contact 
Dermatitis 


French researchers report that skin painting, also known as pseudo-tatooing, can lead to allergic contact 
dermatitis. Skin painting is done using henna, a hair dye preparation, and C.J. Le Coz, et al* stated that 
when henna is used on the skin, it can cause sensitization to chemical coloring agents, such as 
p-phenylenediamine and diaminobenzenes or diaminotoluenes. 



*Arch Dermatol 136(12): 1515-7 (2000 Dec) 



ssasssgmsBSs 

Linmonrteide N^rth America: US$80 individual: $130 institutional. Quotes on multiple subscriptions and student rates supplied upon request. Printed on aod-free paper efTecme uith \olume I. Issue 1. 1995. 
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5a-Dihydrotestosterone partially restores cancellous 
bone volume in osteopenic ovariectomized rats 

J. H. TOBIAS, A. GALLAGHER, AND T. J. CHAMBERS 
Department of Histopathology, St George's Hospital Medical School, 
London SW1 7 ORE, United Kingdom 



Tobias, J. H., A. Gallagher, and T. J. Chambers. 

5a-Dihydrotestosterone partially restores cancellous bone vol- 
ume in osteopenic ovariectomized rats. Am. J. Physiol. 267 
{Endocrinol. Metab. 30): E853-E859, 1994. — Although andro- 
gens are thought to be important for skeletal maintenance in 
females and males, little is known about the mechanisms 
involved. To investigate this question further, we examined 
the effects of administering 0.01, 0.1, or 1.0 mg/kg 5a- 
dihydrotestosterone (DHT) for 60 days on the skeleton of 
ovariectomized rats. Treatment was delayed until 90 days 
after ovariectomy to enable bone loss to stabilize. We found 
that ovariectomy markedly reduced cancellous bone volume of 
the proximal tibial metaphysis due to a combination of loss and 
thinning of trabeculae. Cancellous bone volume was partially 
restored by all doses of DHT, with trabecular thickness, but 
not number, returning to that of sham-operated animals. DHT 
also stimulated longitudinal bone growth and endosteal and 
periosteal bone formation and suppressed histomorphometric 
indexes of cancellous bone resorption. This suggests that DHT 
influences skeletal metabolism in osteopenic ovariectomized 
rats both by stimulating bone formation and suppressing 
resorption, although it is unclear which, if any, of these actions 
predominate at cancellous sites. 

androgens; bone formation; bone resorption 



hypogonadism in men is associated with osteopenia (9, 
13) that is partially reversed by testosterone treatment 
(8, 13), suggesting that androgens play a physiological 
role in skeletal maintenance in the male. Furthermore, 
this role may extend to females, since serum testoster- 
one has been found to correlate with bone mass in 
premenopausal women (3). In addition, investigations 
into the use of androgen-related anabolic steroids in the 
treatment of women with postmenopausal osteoporosis 
generally report an increase in bone mass (6, 11, 17). 
However, studies in both men (1, 10, 24) and women (2, 
5, 6) have failed to resolve whether this reflects a 
predominantly anabolic or antiresorptive action. 

The mechanisms by which androgens influence skel- 
etal metabolism have been addressed using male rats, in 
which androgens are also important for skeletal mainte- 
nance (25, 27-29). As in clinical studies, androgens were 
found both to stimulate bone formation (30) and to 
suppress resorption (27, 28). Moreover, in a recent 
study, administration of the androgenic antagonist flu- 
tamide was found to cause loss of skeletal calcium from 
female rats, attributed to a reduction in bone formation 
(12). However, although this suggests that androgens 
are also important in regulating bone formation in 
female rats, no study has examined the effect of andro- 
gens on specific skeletal sites in these animals. 

To investigate the mechanisms involved in androgen's 
action on the female skeleton, we therefore carried out a 



histomorphometric assessment of the effects of andro- 
gen administration in female rats. Because the ovaries 
are the major source of androgens in ovulating animals, 
we used ovariectomized (OVX) rats, delaying treatment 
until 90 days after ovariectomy to enable cancellous 
bone volume to stabilize (30). To reduce the possibility 
of effects of androgen treatment being due to aromatiza- 
tion, we used the nonaromatizable 5o>dihydrotestoster- 
one (DHT; seeRef. 16). 

MATERIALS AND METHODS 

Female Wistar rats (13 wk old) obtained from the St. 
George's Hospital Medical School stock were OVX under 
halothane anesthesia using a dorsal approach or subjected to 
sham ovariectomy (sham). They were then divided into one 
group of seven sham animals and five groups of seven OVX 
animals and housed at 21°C with a 12:12-h light-dark cycle. 
Food (Rat-mouse Diet I; Special Diet Services, Witham, Essex, 
UK) and water were available ad libitum. DHT (Sigma, Poole, 
Dorset, UK) was dissolved in 5% benzyl alcohol (Sigma) and 
95% corn oil (Sigma). DHT [0 (i.e., vehicle alone), 0.01, 0.1, or 
1.0 mg/kg] was then given by daily subcutaneous injection for 
60 days, delaying treatment until 90 days after ovariectomy. 
To provide a pretreatment baseline value for cancellous bone 
volume (BV/TV), one group of OVX animals was killed 90 days 
after ovariectomy, before the start of the 60-day treatment 
period. Tetracycline hydrochloride (25 mg/kg; Lederle Labora- 
tory, Gosport, Hants, UK) and calcein (30 mg/kg; Sigma) were 
administered intraperitoneally 1 and 5 days before the end of 
the experiment, respectively. Animals were maintained in 
accordance with the National Institutes of Health Guide for 
the Care and Use of Laboratory Animals. 

At the termination of the study, animals were weighed, bled 
by vena caval puncture under halothane anesthesia, and then 
killed by cervical dislocation. Uteri were subsequently re- 
moved and weighed. Success of ovariectomy was also assessed 
by measuring the serum concentration of 17p-estradiol by 
radioimmunoassay (Coat-a-Count; Diagnostic Products, Glyn 
Rhonwy, Gwynedd, UK). Right tibiae were subsequently freed 
from soft tissue, fixed in 70% alcohol for 48 h, then dehydrated 
through graded alcohols and embedded without decalcification 
in London resin (London Resin, Basingstoke, Hants, UK). 
Longitudinal sections of the proximal metaphysis were pre- 
pared using a Jung K microtome (Cambridge Instruments, 
Cambridge, Cambs, UK); 5-^.m sections were stained with 
toluidine blue, and 14-nm unstained sections were prepared 
for fluorescence microscopy. Bone histomorphometry was 
performed using transmitted and epifluorescent light micros- 
copy linked to a computer-assisted image analyzer (Perceptive 
Instruments, Halstead, Essex, UK). Bone volume and surface 
parameters were measured by tracing relevant features with a 
cursor on the video screen image. All sections were examined 
blind. 

BV/TV was assessed at the proximal tibial metaphysis on 
two nonconsecutive toluidine blue-stained sections for each 
animal. The standard area of 2:5 mm 2 employed, which was 
examined at x25 magnification, was situated 1 mm from the 
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E854 DIHYDROTESTOSTERONE INCREASES BONE VOLUME 



Table 1. Effect of 5a-dihydrotestosterone on body and 
uterine weight and serum 17 ^-estradiol 



Group 


Body Wt, 
g 


Uterine Wt, 
g 


170-Estradiol, 
pg/ml 


Final Age, 
days 


Sham 


338 ±12 


0.61 ±0.06 


36.8 ±12.3 


240 


OVX 90 days 


393 ± 10* 


0.16±0.01* 




180 


DHT, mg 










kg" 1 day" 1 










0 


409 ± 15* 


0.12 ±0.01* 


13.5 ±2.1* 


240 


0.01 


425 ± 15* 


0.12 ±0.01* 


12.9 ±2.3* 


240 


0.1 


454 ± 27t 


0.12 ±0.01* 


18.3 ±4.6* 


240 


1.0 


425 ±17* 


0.47 ± 0.02$ 


15.4 ±2.5* 


240 



Results show means ± SE for body weight, uterine weight, serum 
170-estradiol concentration, and final age of animals in sham rats and 
ovariectomized (OVX) animals killed after 90 days or subsequently 
given 5a-dihydrotestosterone (DHT) for 60 days. *P < 0.05 vs. sham; 
tP < 0.05 vs. sham and 0 DHT; XP < 0.05 vs. all other groups [by 
analysis of variance (AN OVA)]. 



growth plate. This distance was chosen to exclude both the 
primary spongiosa (maximum width 0.5 mm) and bone formed 
during the course of the experiment, as estimated from the 
product of treatment duration (60 days) and longitudinal 
growth rate (LGR; maximum 7.4 jim/day). BV/TV was ex- 
pressed as percentage of tissue volume composed of bone. 
Trabecular thickness and number were calculated according to 
standard assumptions (19). Static parameters [osteoblast sur- 
face (Ob.S/BS), osteoclast surface (Oc.S/BS), and osteoclast 
number (NOc./BS)] were recorded at xl60 magnification in 
the same area as that used for BV/TV measurements. 

Fluorochrome measurements were made on two nonconsecu- 
tive unstained 14-u.m-thick sections per animal. Longitudinal 
bone growth was obtained from the distance between the 
tetracycline and calcein bands lying distal to the epiphyseal 
growth plate, and LGR was derived by dividing this distance by 
the time interval between the administration of these two 
labels. Fluorochrome-labeled trabecular surfaces were mea- 
sured at X 160 magnification throughout a corresponding area 
to that used for assessing bone volume. The proportion of 
trabecular surface covered by double fluorochrome label (dLS/ 
BS) was recorded, as was the mineral apposition rate (MAR), 
the latter being obtained by dividing the interlabel distance by 
the time interval between label administration. The bone 
formation rate (BFR/BS; tissue level, total surface referent) 
was obtained from the product of dLS/BS and MAR. Values 
for the apposition rate were not corrected for the obliquity of 
the plane of section of cancellous bone. 

Cross sections of the tibial diaphysis, consisting of 14-u.m 
unstained sections taken immediately proximal to the tibiofibu- 
lar anastomosis, were obtained for assessment of cortical 
parameters. The latter were assessed on two unstained diaphy- 
sis cross sections per animal as follows: total bone area, 
medullary area, cortical bone area (total bone area - medul- 
lary area), periosteal dLS/BS, MAR, and BFR/BS, and endocor- 
tical dLS/BS. Results from the histomorphometric analysis 
are expressed as the means ± SE. Statistical analysis was by 
Fisher's least-significant difference method for multiple com- 
parisons in a one-way analysis of variance. Tests were carried 
out with Statview 4.0 (Abacus Concepts, Cupertino, CA). 
Statistical significance was considered at P < 0.05. 

RESULTS 

As expected, ovariectomy led to an increase in body 
weight (Table 1). Body weight was also significantly 
greater in OVX animals treated with 0.1 mg/kg DHT 



compared with OVX animals given vehicle alone. Re- 
sults for uterine weight confirmed ovariectomy. In 
addition, 1.0 mg/kg DHT was found to increase uterine 
weight to an intermediate value between sham and OVX 
animals, consistent with a previous report that DHT 
exerts a uterotrophic effect at high doses (21). Serum 
concentration of 17|3-estradiol fell significantly after 
ovariectomy and was unaffected by treatment with 
DHT. 

Ovariectomy led to a marked decrease in BV/TV (Fig. 
1 and Table 2) due to a reduction in the number and 
thickness of trabeculae (Figs. 2, A and B). Although 
indexes of cancellous bone formation and resorption 
were not significantly different between OVX rats given 
vehicle alone and sham animals, our results are consis- 
tent with bone turnover remaining elevated, albeit to a 
modest extent, by termination of the experiment 150 
days after ovariectomy (Tables 2 and 3). Age itself had 
little effect on cancellous bone formation and resorption, 
as judged by comparing these indexes in OVX animals 
killed 90 days after ovariectomy with those subse- 
quently treated with vehicle for 60 days. In contrast, 
OVX rats showed significant age-related decreases in 
longitudinal growth and periosteal and endocortical 
bone formation (Fig. 3 and Table 4). 

Treatment of OVX animals with 0.01, 0.1, and 1.0 
mg/kg DHT for 60 days was associated with a greater 
BV/TV than OVX animals either killed 90 days after 
ovariectomy or subsequently treated with vehicle alone 
for 60 days (Fig. 1 and Table 2). This increase in BV/TV 
after treatment with DHT was partly caused by a 
dose-responsive increase in trabecular number (Fig. 
2A). However, only 1.0 mg/kg DHT significantly in- 
creased trabecular number compared with the pretreat- 
ment OVX group, and, in all DHT-treated groups, 
trabecular number remained substantially below that of 
sham-operated animals. Our results also suggested that 
an increase in trabecular thickness had contributed to 
the gain in BV/TV after treatment of OVX animals with 
DHT (Fig. 2B). In contrast to the effect of DHT on 
trabecular number, all concentrations of DHT signifi- 
cantly increased trabecular thickness compared with the 
pretreatment OVX group, with this being restored, if 
anything, to above that of sham-operated animals. 

Static and dynamic indexes of cancellous bone forma- 
tion were similar in OVX animals given DHT or vehicle 
alone (Tables 2 and 3). However, the increase in dLS/BS 
and BFR/BS in OVX animals treated with 0.01 and 0.1 
mg/kg DHT reached significance compared with sham 
animals (Table 3). Although 0.01 and 0.1 mg/kg DHT 
had no significant effect on cancellous bone osteoclast 
indexes, these were reduced by 1.0 mg/kg DHT (Oc.S/BS 
and NOc./BS; Table 2). 

DHT was also found to cause dose-responsive stimula- 
tion of LGR (Fig. 3) and of periosteal MAR, dLS/BS, and 
BFR/BS (Table 4). In addition, 0.01 and 0.1 mg/kg DHT 
increased endosteal dLS/BS. In contrast, 1.0 mg/kg 
DHT suppressed endocortical dLS/BS, presumably re- 
flecting the tendency of this dose to suppress bone 
turnover. Despite these effects on cortical bone forma- 
tion, DHT had little effect on diaphyseal dimensions 
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Table 2. Effect of 5a-dihydrotestosterone on cancellous 
static histomorphometric parameters 



Group 



BV/TV, 
% 



Ob.S/BS, 
% 



Oc.S/BS, 
% 



NOc./BS, 
n/mm 



Sham 

OVX 90 days 
DHT, mg- 

kg" 1 * day" 

0 

0.01 
0.1 
1.0 



33.1 ±1.6 0.62±0.11 0.16±0.04 0.06±0.01 
10.4 ±1.8* 1.37 ±0.39 0.23 ±0.04 0.10 it 0.02 



9.4 ±1.8* 1.16 ±0.36 0.26 ±0.06 0.12 ±0.03 

15.7±2.7t 1.32 ±0.55 0.23 ±0.05 0.10 ±0.03 

17.0±1.6t 1.09 ±0.20 0.29 ±0.06 0.12 ±0.03 

18.8±1.2t 0.83±0.16 0.08±0.07$ 0.04±0.03§ 

Results show means ± SE for cancellous bone volume (BV/TV), 
osteoblast surface (Ob.S/BS), osteoclast surface (Oc.S/BS), and osteo- 
clast number (NOc./BS) at proximal tibial metaphysis in sham 
animals and OVX rats killed after 90 days or subsequently given DHT 
for 60 days. *P < 0.05 vs. sham; tP < 0.05 vs. sham, OVX 90 days, 
and 0 DHT; %P < 0.05 vs. OVX 90 days, 0 DHT, and 0.1 DHT; §P < 
0.05 vs. 0 and 0. 1 DHT (by ANOVA). 

over the duration of the study (Table 5). Cross-sectional 
and cortical areas were found to be greater in OVX 
animals than in sham animals when results from OVX 
groups were pooled (see Table 5), consistent with previ- 
ous reports of minor changes in diaphyseal area after 
ovariectomy in the rat (26). 

DISCUSSION 

We have found that DHT partially restores cancellous 
bone volume in female rats rendered osteopenic by 
ovariectomy. This increase reflected a net gain in bone 
volume, rather than the prevention of further bone loss, 
since DHT also increased bone volume compared with 
OVX rats killed immediately before the start of DHT 
administration. In previous studies of the effects of 
androgens in the rat, orchidectomy was noted to cause 
loss of cancellous bone in males (25, 27-29), which was 
prevented by giving androgens such as DHT (28). In 
addition, a microdensitometric study found that the 
anabolic steroid nandrolone decanoate increased bone 
mineral content in osteopenic OVX rats, although this 
effect was limited to the diaphysis (20). However, micro- 
densitometry does not accurately distinguish trabecular 
from cortical bone and does not enable the histodynamic 
assessment of bone formation and resorption. To our 
knowledge, there have been no previous histomorpho- 
metric assessments of the effects of androgens in female 
rats. 

The increase in bone volume after DHT administra- 
tion appeared to be due to an increase in both trabecular 
number and thickness. However, the effect on trabecu- 
lar thickness appeared stronger, since this was in- 
creased by all doses of DHT. Furthermore, DHT re- 
stored trabecular thickness, but not number, to that of 
sham-operated animals. In fact, it seems likely that 
agents that are able to increase cancellous bone volume 
of the human skeleton do so by enlarging existing 
trabeculae, rather than by causing their formation de 
novo. If so, the increase in trabecular thickness that we 
have found after treatment of OVX rats with androgens 
may accurately reflect the mechanism of increase in 
bone mass previously observed in women treated with 



anabolic steroids (6, 11, 17). However, there have been 
no bone biopsy studies that address the effects of these 
agents on trabecular architecture in postmenopausal 
women. 

Cancellous bone formation rate was significantly in- 
creased compared with sham rats in OVX animals 
treated with 0.01 and 0.1 mg/kg DHT, but not those 
given vehicle alone, consistent with additive effects of 
ovariectomy and DHT on cancellous bone formation. 
This suggests that DHT may have increased cancellous 
bone volume in osteopenic OVX rats at least in part by 
stimulating bone formation. However, because indexes 
of cancellous bone formation in vehicle- and DHT- 
treated OVX rats were not significantly different, it 
remains unclear as to whether cancellous bone forma- 
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Fig. 2. Results show means ± SE trabecular number (A) and trabecu- 
lar thickness (B ) at proximal tibial metaphysis in sham a and OVX 
animals killed 90 days after ovariectomy (O; OVX 90 days) or 
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Table 3. Effect of 5a-dihydrotestosterone on cancellous 
dynamic histomorphometric parameters 



Table 4. Effect of 5a-dihydrotestosterone on dynamic 
cortical histomorphometric parameters 



Group 


dLS/BS, 

% 


MAR, 
p.m /day 


BFR/BS, 
10" 2 ^xm 3 M.m" 2 day- 1 


Sham 


6.4 ±1.1 


1.09 ±0.05 


7.1 ±1.3 


OVX 90 days 


11.9 ±3.0 


1.10 ±0.06 


13.9 ±3.9 


DHT, mg-kg" 1 day 1 






14.6±3.7 


0 


12.1 ±2.8 


1.16 ±0.06 


0.01 


16.0 ± 1.9* 


1.21 ±0.05 


19.5 ±2.7* 


0.1 


16.9 ±3.6* 


1.22 ±0.03 


20.9 ±4.9* 


1.0 


11.4 ±2.3 


1.18 ±0.04 


13.4 ±2.5 



Results show means ± SE of double-labeled surface (dLS/BS), 
mineral apposition rate (MAR), and bone formation rate (BFR/BS) at 
proximal tibial metaphysis in sham animals and OVX rats killed after 
90 days or subsequently given DHT for 60 days. *P < 0.05 vs. sham 
(by AN OVA). 



tion was in fact stimulated by DHT. In contrast, at the 
growth plate, endocortical, and periosteal surfaces, a 
significant stimulatory effect of DHT on bone formation 
was observed, raising the possibility that DHT exerts an 
anabolic effect on the skeleton in general. Although 
these increases in cortical bone formation had no effect 
on cortical area over the study period, this may have 
reflected an insufficient duration of treatment for alter- 
ations in cortical, as well as cancellous, bone mass to 
occur. 

Suppression of bone resorption may have contributed 
to the increase in cancellous bone volume after treat- 
ment with DHT since, although 0.01 and 0.1 mg/kg 
DHT had no significant effect on bone resorption, as 
assessed by osteoclast surface and number, 1.0 mg/kg 
DHT was found to reduce these resorption parameters. 
Interestingly, in contrast to lower concentrations, the 
same dose of DHT also suppressed endocortical bone 
formation and did not increase cancellous bone forma- 
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Fig. 3. Results show means ± SE longitudinal growth rate in sham □ 
and OVX animals killed 90 days after ovariectomy (O) or subsequently 
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Periosteal 


Periosteal 


Periosteal 
BFR/BS, 
10" 2 jim 3 
pum^-day -1 


Endocortical 


Group 


dLS/BS, 


MAR, 


dLS/BS, 


% 


jim /day 


% 


Sham 


2.0±1.7 


0.75±0.16 


2.0 ±1.8 


0.4 ±0.4 


OVX 90 days 


11.1±2.1* 


0.90±0.07t 


10.4 ±2.4* 


4.1 ± 1.9* 


DHT, mg- 










kg -1 day*" 1 








1.5 ±0.8 


0 


2.8 ±2.0 


0.51 ±0.04 


1.3 ±0.8 


0.01 


4.6 ±2.9 


0.76±0.14 


4.4 ±3.0 


5.5 ±1.5* 


0.1 


5.1 ±1.5 


0.88±0.08t 


4.4 ± 1.2 


4.8 ±1.8* 


1.0 


11.1±5.1* 


0.89±0.07t 


10.2 ±4.4* 


0.1±0.1§ 



Results show means ± SE of periosteal dLS/BS, MAR, and BFR/BS 
and endocortical dLS/BS at tibial diaphysis in sham animals and OVX 
rats killed after 90 days or subsequently given DHT for 60 days. *P < 
0.05 vs. sham and 0 DHT; tP < 0.05 vs. 0 DHT; t P < 0.05 vs. sham; 
§P < 0.05 vs. 0.01 and 0.1 DHT (by ANOVA). 

tion compared with sham animals. Therefore, inhibition 
of bone resorption by 1.0 mg/kg DHT may have led to a 
reduction in bone formation at sites where bone forma- 
tion is coupled to resorption, as occurs with other 
inhibitors of bone resorption such as bisphosphonates, 
17p-estradiol, and calcitonin (31, 32). Hence, DHT 
appears to influence skeletal metabolism in osteopenic 
OVX rats both by stimulating bone formation and 
suppressing resorption, although it is unclear which, if 
any, of these actions predominate at cancellous sites. 

These actions of DHT on skeletal metabolism are 
consistent with previous reports that, in male rats and 
humans, androgens both stimulate bone formation (1, 
10, 25) and suppress bone resorption (24, 27, 28). 
Because DHT shows high-affinity binding with classical 
androgen receptors (15), which bone cells have been 
found to possess (7), these actions of DHT may be 
mediated by skeletal androgen receptors. Moreover, 
unlike other androgens, DHT is not thought to undergo 
peripheral aromatization to estrogen (16), consistent 
with our observation that estrogen levels were similar in 
OVX animals receiving DHT and vehicle alone. The 
actions of DHT on bone and cartilage that we and others 
have descibed are also consistent with the effects of DHT 
on isolated bone cell cultures. For example, DHT has 

Table 5. Effect of Sardihydrotestosterone 
on cortical areas 



Group 



Cross-sectional 
Area, mm 2 



Medullary 
Area, mm 2 



Cortical 
Area, mm 2 



Sham 

OVX 90 days 
DHT, mg-kg- 1 -day" 1 
0 

0.01 

0.1 

1.0 

OVX combined 



4.39 ±0.17 
4.58 ±0.06 

4.79 ±0.06 
4.90 ±0.18 
4.79 ± 0.25 
4.76±0.11 
4.81 ±0.17* 



0.71 ±0.05 3.68 ±0.13 
0.68 ±0.03 3.90 ±0.07 



0.76 ±0.06 
0.83 ±0.04 
0.77 ±0.08 
0.76 ±0.05 
0.78 ±0.03 



4.03 ±0.08 
4.07 ±0.17 

4.02 ±0.18 
3,99 ±0.12 

4.03 ±0.07* 



Results show means ± SE of cross-sectional, medullary, and cortical 
areas at tibial diaphysis in sham animals and OVX rats killed after 90 
days or subsequently given DHT for 60 days. OVX combined was 
obtained by pooling the results from all 240-day-old OVX animals. 
*P < 0.05 vs. sham (unpaired 2- tailed Student's /-test). 
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been found to stimulate the proliferation of isolated 
osteoblasts (14), to increase chondrocyte DNA synthesis 
(4), and to suppress the bone resorptive activity of 
isolated osteoclasts (18). 

Our findings, which suggest that relatively low doses 
of DHT stimulate bone formation in female rats, raise 
the possibility that androgens play a physiological role in 
regulating bone formation in females. This is consistent 
with the observation that the antiandrogen flutamide 
reduced total body calcium in female rats by suppressing 
bone formation (12). However, we only found an antire- 
sorptive action of DHT at the highest dose, suggesting 
that androgens may not influence bone resorption in 
female rats under physiological conditions. In contrast, 
studies in orchidectomized rats suggest that physiologi- 
cal concentrations of androgens both stimulate bone 
formation and suppress resorption in male rats (25, 27). 
This suggests that there may be certain sex differences 
in responsiveness of the skeleton to androgens, which is 
consistent with the observation that other skeletal 
effects of androgens, such as stimulation of diaphyseal 
creatine kinase activity and DNA synthesis, are also 
gender specific (23). 

The ability of DHT to increase cancellous bone in 
osteopenic OVX rats does not appear to be shared by 
other sex steroids such as estrogen. For example, al- 
though estrogen prevents ovariectomy -induced bone 
loss, it fails to significantly increase cancellous bone 
volume in osteopenic animals (22). These results might 
suggest that anabolic steroids derived from androgens 
are more likely to be effective at reversing bone loss in 
patients with postmenopausal osteoporosis. However, 
although androgen-related steroids have been found to 
increase bone mass in these patients, whether this 
represents an advantage over the skeletal response to 
estrogen therapy is currently unknown. 
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ABSTRACT 

Sixty-six hirsute women were randomized and treated with 1) 
flutamide (n = 15), 250 mg/day; 2) finasteride (n = 15), 5 mg/day; 3) 
ketoconazole (n = 16), 300 mg/day; and 4) ethinyl estradiol (EE)- 
cyproterone acetate (CPA; n - 20), 0.01 mg EE/day for the first week, 
0.02 mg EE/day for the second week, and 0.01 mg EE/day for the third 
week, followed by a pause of 7 days, then 12.5 mg CPA/day added 
during the first 10 days of every month for 12 months. Hirsutism was 
evaluated by the Ferriman-Gallwey score, and hair diameter and hair 
growth rate were determined by a special image analysis processor in 
basal conditions and aRcr 90, 180, 270, and 360 days of treatment. All 
treatments produced a significant decrease in the hirsutism score, 
hair diameter, and daily hair growth rate: flutamide, -55 ± 13%, 
-21 ± 14%, and -37 ± 18%; finasteride, -44 ± 13%, -16 ± 12%, and 
-27 ± 14%; ketoconazole, -53 ± 18%, -14 ± 12%, and -30 ± 21%; 
and EE-CPA, -60 ± 18%, -20 ± 11%, and -28 ± 21%. 

Some differences existed among treatments with regard to effec- 
tiveness; EE-CPA and flutamide seem to be the most efficacious in 
improving hirsutism. For the hirsutism score, a greater decrease was 
seen with EE-CPA (-60 ± 18%) than with finasteride (-44 ± 13%; 
P< 0.01) and a greater decrease was seen with flutamide (-58 ± 18%) 
than with finasteride (-44 ± 13%; P < 0.05). Flutamide is the fastest 
in decreasing hair diameter; EE-CPA is the fastest in slowing down 



hair growth, even though at the end of the treatment there was a 
significant difference between flutamide and finasteride only (-41 i 
18% vs. -27 ± 14%; P < 0.05). 

Flutamide, ketoconazole, and EE-CPA induced a significant de- 
crease in total and free testosterone, 5cr-dihydrotestosterone, dehy- 
droepiandrosterone, dehydroepiandrosterone sulfate, and andro- 
stenedione plasma levels. During the EE-CPA treatment, 
gonadotropins were suppressed, and the sex hormone-binding glob- 
ulin level increased. Finasteride induced a decrease in dehydroepi- 
androsterone sulfate and 5a-dihydrotestosterone and an increase in 
testosterone levels. 

Very few side-effects were observed during treatment with low 
doses of flutamide, EE-CPA, and particularly finasteride. Flutamide 
induced a decrease whereas EE- CPA induced an increase in triglyc- 
erides and cholesterol, showing higher values within the normal 
range. Ketoconazole induced several side-effects and complications, 
and several people dropped out of the study. 

Despite different modalities of action and significantly different 
effects on androgen levels, low doses of flutamide, finasteride, and 
EE-CPA constitute very satisfactory alternative therapeutic regi- 
mens in the treatment of hirsutism. (J Clin Endocrinol Metab 84: 
1304-1310, 1999) 



FLUTAMIDE (1-5), finasteride (6-10), ketoconazole (11- 
14), and cyproterone acetate (CPA) (15-20) are com- 
monly employed in the treatment of hirsutism. Different 
therapeutic regimens have been used successfully; however, 
only a few randomized controlled trials exist, and subjective 
methods of evaluation are generally employed. 

The aim of the present report was to compare, in a pro- 
spective, comparative, randomized study, as objectively as 
possible, the therapeutic efficacy as well as the endocrine and 
metabolic effects and reliability of low dose regimens of 
flutamide, finasteride, ketoconazole, and a combination of 
CPA and ethinyl estradiol (EE). 

Subjects and Methods 

Sixty-six premenopausal hirsute women (mean ± sd age, 22.9 ± 4.7) 
were referred to the Reproductive Medicine Unit of the University of 
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Bologna (Bologna, Italy) for evaluation and treatment of hirsutism. The 
mean ± so body weight was 61 ± 10 kg, and the mean ± so height was 
163 ± 6 cm. The mean body mass index (BMI) was 22.7 ± 2.7 (normal 
range, 18-24); 11 subjects (16%) were overweight (mean BMI, 27 ± 2.6). 

Regular menses were reported by 29 of the 66 women; 32 had oli- 
gomenorrhea, 3 had amenorrhea, and 2 had polymenorrhea. Thirty- 
eight patients (58%) had ovulatory cycles (on the basis of typical pro- 
gesterone levels in the premenstrual phase), and 28 (42%) had 
anovulatory cycles. Each patient underwent a complete medical and 
gynecological examination. In accordance with our codified parameters 
(21), all subjects had an etiological diagnosis of hirsutism. None of the 
women gave evidence of a hormonally active adrenal gland, an ovarian 
tumor, or Cushing's, PRL, or thyroid disorder. Twenty-seven patients 
(41%) had a diagnosis of polycystic ovary syndrome; 18 had anovulatory 
or oligoovulatory cycles, elevated plasma LH concentrations (LH/FSH 
ratio >2), high levels of testosterone and androstenedione, and eco- 
graphic evidence of enlarged polycystic ovaries. Nine patients had the 
concomitant presence of high dehydroepiandrosterone sulfate levels. 
Fourteen hirsute patients (21%) suffered from a mild form of nonclassic 
adrenal hyperplasia with high 17a-hydroxyprogesterone values, as di- 
agnosed by ACTH test (21). Twenty-five patients (38%) were classified 
as having idiopathic hirsutism because they did not present any of the 
clinical features found in the other groups and had ovulatory cycles. In 
the entire population studied the hirsutism score ranged from 7-22. 

Patients were randomized into four groups for treatment, indepen- 



1304 



Downloaded from jcem.endojoumals.org by on February 9, 2007 



HIRSUTISM: COMPARISON OF TREATMENTS 1305 



dentty of the diagnosis made. No significant differences were observed 
between groups regarding the prevalence of the diagnosis of hirsutism, 
clinical parameters, and menstrual rhythm or ovulatory/anovulatory 
cycles; thus, the patients were randomized into four comparable groups. 
Group 1 (n = 15; age, 22.6 ± 4 yr; BMI, 22.9 ± 2 kg/m 2 ) received 250 
mg/day flutamide, group 2 (n = 15; age, 23.2 ± 3 yr; BMI, 22.5 ± 3 
kg/m 2 ) received 5 mg/day finasteride, group 3 (n = 16; age, 23.2 ± 5 
yr; BMI, 23.0 ± 3 kg/m 2 ) received 300 mg/day ketoconazole, and group 
4 (n = 20; age, 22.9 ± 4 yr; BMI, 22.6 ± 2 kg/m 2 ) received a treatment 
regimen with low EE and CPA doses (the patients received 0.01 mg 
EE/day for the first week, 0.02 mg EE/day for the second week, and 0.01 
mg EE /day for the third week, followed by a pause of 7 days, then 12.5 
mg CPA/day adrninistered in a reverse sequential regimen during the 
first 10 days of each treatment cycle). We planned a 12-month therapy 
period, and either the barrier method or intrauterine contraception was 
employed during the study in sexually active women to avoid any risk 
of conception. 

Clinical and hormonal controls were performed in basal conditions 
and after 3, 6, 9, and 12 months. Each woman was studied during the 
early follicular phase of her menstrual cycle (3-6 days after the onset of 
a spontaneous menstrual flow) when present or at random in amenor- 
rheic patients in basal conditions and after 180 and 360 days of treatment. 

The study was approved by the ethical committee of the Institute of 
Obstetrics and Gynecology of the University of Bologna, and informed 
consent was obtained from each patient. All procedures followed in this 
study were in accordance with the Helsinki Declaration of 1975. 

Hirsutism evaluation, clinical side-effects, endocrine and biochemical 
parameters [blood glucose, cholesterol, high density lipoprotein cho- 
lesterol, triglycerides, aspartate arninotransferase (AST), alanine ami- 
notransferase (ALT), 7-glutamyltransferase, alkaline phosphatase, bili- 
rubin, an ti thrombin III, and fibrinogen] were determined at each control 
visit. 

Hirsutism and hair growth evaluation 

Hirsutism was evaluated with a 2-fold criteria of control so as to have 
a method of analysis as objective as possible. 1) Hirsutism grading was 
codified by calculating the hirsutism score according to the modified 
Ferriman and Gallwey method (22), and the normal range was consid- 
ered to be no higher than 8. Two patients with a total score of 7 were 
included because a severe regional (upper Hp and thigh) hair growth, 
and the entry criteria for all patients was a score of 7 or greater. 2) As 
previously reported (12), hair parameters were codified using an IBAS 
image analyzer (Kontron Bildanalyze GmbH, Munich, Germany), a spe- 
cial image analysis processor with a sensitivity of 0.001 mm. First, all 
patients were shaved in a prefixed area of the right thigh. After 90 days, 
at least 20 hairs (basal hair growth) were cut from the same thigh area 
using curved scissors; then the area was reshaved, and treatments were 
started. This same procedure was repeated after 90, 180, 270, and 360 
days of therapy. The mean diameter, hair length, and daily growth rate 
(obtained by dividing the length of each hair by the number of the days 
elapsed between shaving and the subsequent cut) were estimated. Con- 
sidering that anagen hair growth on the thigh has a mean duration of 
22 days and that the complete hair cycle is 84 days (23), a 90-day period 
of basal observation seems to be correct for establishing the mean basal 
hair growth in each group. 

Self -reported evaluation 

Patients' self-evaluation of the clinical outcome of the treatment was 
obtained. Each patient rated his appreciation as dissatisfied, satisfied, or 
highly satisfied. 

Hormone assay 

Blood samples were drawn at 0800 h; all samples from each subject 
were run in the same RIA. The RIA techniques used for hormonal 
measurements were: gonadotropins (FSH-LH) and PRL, rapid double 
antibody (kits purchased from Biodata, Rome, Italy); 1 7-hydroxypro- 
gesterone (17-P) and progesterone (P), chromatographic separation on 
Sephadex LH-20 columns; dehydroepiandrosterone sulfate (DHAS) per- 
formed directly on diluted plasma, testosterone (T), 5or-dehydrotestos- 
terone (DHT), androstenedione (A), and 17/3-estradiol (E 2 ),TLC on silica 



gel 60 F254; dehydroepiandrosterone (DHA), plasma extraction with 
ethyl ether, as previously described (24), using an ACTH kit purchased 
from CIS (Gif-Sur-Yvete, France) and a Cortisol (F) kit purchased from 
Diagnostic Systems Laboratories (Webster, TX); free testosterone (Tf), 
the Coat-A-Count free testosterone procedure of Diagnostic Products 
(Los Angeles, CA); and sex hormone-binding globulin (SHBG), non- 
competitive liquid phase immunoradiometric assay (Farmos Diagnostic, 
Oulunsalo, Finland). 

Statistical analysis 

Paired and unpaired Student's t tests and ANOVA were used for 
statistical analysis, as needed. Values are expressed as the mean ± sd. 

Results 

Hirsutism 

Figure 1 shows the results of the different regimens of 
therapy during the entire treatment period. In each subject 
who finished the study, not less than 100 hairs were analyzed 
by IBAS, both under basal conditions and during the entire 
cycle of treatment. Under basal conditions, 1848 hairs were 
analyzed, and 6800 hairs were analyzed during the entire 
cycle of treatment. 

In group 1 (flutamide), hirsutism improved in all subjects. 
The mean basal score (Fig. 1; 14.2 ± 4.5) progressively de- 
creased and dropped to 6.4 ± 3.5 (P < 0.001; -55 ± 13%) after 
12 months of treatment. The mean diameter (Fig. 1) fell from 
0.169 ± 0.02 to 0.133 ± 0.02 mm (P < 0.001; -21 ± 14%), and 
the mean daily rate of hair growth (Fig. 1) fell progressively 
from 0.153 ± 0.03 to 0.084 ± 0.04 mm/day (P < 0.001; -41 ± 
18%). 

In group 2 (finasteride), hirsutism improved in all subjects. 
The mean basal score (Fig. 1; 12.4 ± 4.8) slowly dropped 
during therapy to 6.9 ± 3.5 (P < 0.02; -44 ± 13%) after 12 
months of treatment. The mean diameter (Fig. 1) fell from 
0.174 ±0.02 to 0.147 ±0.02 mm (P < 0.001; -16 ± 12%), and 
the mean daily rate (Fig. 1) of hair growth fell from 0.127 ± 
0.05 to 0.095 ± 0.04 mm/day (P < 0.005; -27 ± 14%). 

In group 3 (ketoconazole), 8 of 16 subjects who started the 
therapy stopped taking the drug within 180 days because of 
several side-effects and complications; hirsutism had im- 
proved in the 8 subjects who concluded the 12-month ther- 
apy period (mean basal score, 13,8 ± 4.4; 12-month therapy 
score, 6.5 ± 4.8; P < 0.005; -53 ± 18%; Fig. 1). The mean 
diameter (Fig. 1) fell progressively from 0.177 ± 0.01 to 
0.148 ± 0.02 mm (P < 0.005; - 14 ± 12%), and the mean daily 
rate of hair growth (Fig. 1) fell from 0.129 ± 0.03 to 0.090 ± 
0.04 mm/day (P<0.005; -30 ± 21%). Six of 8 hirsute subjects 
who interrupted the therapy had slower hair growth during 
the therapy on the basis of their subjective evaluations. 

In group 4 (EE-CPA), hirsutism improved in all subjects. 
The mean basal score (Fig. 1; 13.3 ± 5.1) dropped to 6.1 ± 5.5 
(P < 0.001; -60 ± 18%) after 12 months of treatment. The 
mean diameter (Fig. 1) fell from 0.164 ± 0.05 to 0.138 ± 0.02 
mm (P < 0.001; -20 ± 11%). The mean daily rate (Fig. 1) of 
hair growth decreased during the first 90 days and fell from 
0.127 ± 0.05 to 0.090 ± 0.03 mm/day (P < 0.001) (-28 ± 21%) 
after 12 months. 

Comparative data among groups 

There were no significant differences among groups with 
respect to their clinical basic data, endocrine parameters 
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Fig. 1. Histograms representing the mean ± SD hirsutism score, 
diameter, and daily growth rate of hair under basal conditions (b) and 
after 90 (1), 180 (2), 270 (3), and 360 (4) days of therapy with different 
treatment regimens. In the ketoconazole group, 2 patients of 16 
dropped out during the first 90 days of therapy, and 6 patients 
dropped out during the first 180 days. At 180, 270, and 360 days of 
treatment, only 8 subjects were studied, a, P < 0.05; b, P < 0.01; c, 
P < 0.005 (vs. basal within each group). For hirsutism score: by 
AN OVA among groups in basal conditions, P = NS; by AN OVA among 
groups during treatment, P = NS. For hair diameter: by ANOVA 
among groups in basal conditions, P = NS; by ANOVA among groups 
during treatment, significant differences at 90 (F = 3.9; P < 0.01), 180 
(F = 3.9; P < 0.01), and 270 (F = 6.7; P > 0.01) days. For hair growth: 
by ANOVA among groups in basal conditions, P = NS; by ANOVA 
among groups during treatment, significant differences at 90 (F = 3.6; 
P < 0.02) and 180 (F = 5.1; P < 0.003) days. 



(Tables 1 and 2), hirsutism score, or basal hair characteristics 
(Fig. 1). 

For the hirsutism score (Fig. 1), no differences (by 
ANOVA, P = NS) were observed among the groups during 
the control period, confirming the efficacy of all four treat- 
ments. However significantly higher differences were ob- 
served in the percentage of decrease (Fig. 2) at the end of 
treatment in the cases of flutamide vs. finasteride ( -55 ± 18% 



vs. -44 ± 13%; P < 0.05) and EE-CPA vs. finasteride (-60 ± 
18% vs. -44 ± 13%; P < 0.01). 

For hair diameter (Fig. 1), significant differences were ob- 
served at 90 days (F = 3.94; P < 0.01), 180 days (F = 3.6; P < 
0.01), and 270 days (F = 6.7; P < 0.001) among the groups. 
Flutamide induced the quickest decrease in hair diameter 
during treatment (at 90 days of treatment) even though the 
differences in the percent decrease disappeared at the end of 
treatment (Fig. 2). 

For the hair growth rate (Figs. 1 and 2), significant differ- 
ences among groups were observed at 90 days (F = 3.6; P < 
0.02) and 180 days (F = 5.1; P < 0.003). Finasteride was the 
slowest in decreasing hair growth, whereas EE-CPA was the 
quickest. Flutamide acted progressively, and there was a 
significant difference between flutamide and finasteride 
(-41 ± 18% vs. -27 ± 14%; P < 0.05) at the end of treatment 
(Fig. 2). 



Hormone concentrations 

Tables 1 and 2 show the mean hormonal values under 
basal conditions and during the different treatments. In 
group 1, flutamide induced a significant decrease in 17-P, Tf, 
T, DHT, A, DHAS, DHA, and F and an increase in E 2 levels. 
In group 2, finasteride induced a significant decrease in 
DHAS, E 2 , and DHT mean values and an increase in T and 
Tf mean values. In group 3, the mean plasma levels of T, Tf, 
DHT, DHA, DHAS, and A decreased progressively during 
ketoconazole treatment, whereas FSH, LH, E 2 , F, ACTH, and 
17-P values increased. In group 4 during treatment with 
EE/CPA, there was a decrease in LH, E 2 , 17-P, T, Tf, A, DHA, 
and DHAS and an increase in F and SHBG plasma levels. 

Side -effects, complications, and clinical and biochemical 
changes (Table 3) 

In group 1, only a few, transient and slight side-effects 
occurred, and all subjects concluded the period of treatment. 
After 6 months of treatment, cholesterol (-11%) and tri- 
glycerides (-22%) values dropped significantly, with respect 
to the basal values. No changes were observed in the other 
parameters. 

In group 2, no side-effects, complications, or biochemical 
changes were observed, even though two patients were 
dissatisfied. 

In group 3, major side-effects and complications occurred 
during the first 90 days of treatment. A high number of 
patients dropped out within the first 180 days. Mean AST, 
ALT, and alkaline phosphatase levels increased progres- 
sively to the upper limit of the normal adult range. Two 
subjects had very high AST and ALT values. Triglycerides 
(-25%) and cholesterol (-17%) values decreased progres- 
sively. No changes were observed in the other parameters. 

In group 4, some subjects experienced a mild weight gain 
(<2 kg) after 6-9 months of treatment and had mild transient 
side-effects. One subject suffered from irregular menstrual 
bleeding, and one dropped out because of persistent amen- 
orrhea during the ninth month of therapy. Cholesterol mean 
values increased progressively ( + 21%) up to the upper limit 
of norma! values (<250 mg/dL), and mean triglycerides 
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TABLE 1. Endocrine mean 
regimens 



SD plasma values in basal conditions and after 180 and 360 days of therapy with different treatment 





LH (IU/L; 
normal, 2-10) 


FSH (IU/L; 
normal, 4-10) 


PRL (*tg/L; 
normal, 6-28) 


E 2 (pmol/L; 

normal, 
51.4-194.5) 


ACTH (pmol/L; 
normal, o-ouj 


17P (nmol/L; 
normal, u.y— o.o) 


SHBG (nmol/L; 


Flutamide 
A 
B 
C 


5.3 ± 2.6 
4.8 ± 1.9 
6.0 ± 2.4 


5.5 ± 1.0 

5.4 ± 0.8 

5.5 ± 1.0 


17 ± 6 

18 ± 8 
18 ± 10 


154 ± 44 
243 ± 36° 
250 ± 33° 


6.9 ± 3.1 
5.9 ± 2.9 
5.5 ± 2.7 


3.3 ± 1.2 
2.8 ± 1.6 
2.2 ± 0.8* 


29 ± 11 
34 ± 11 

37 ± 6 


Finasteride 
A 
B 
C 


6.0 ± 2.2 

6.0 ± 2.1 

5.1 ± 1.9 


5.7 ± 1.6 
6.0 ± 1.4 
5.5 ± 1.2 


15 ± 8 
11 ± 5 
13 ± 4 


130 ± 37 
130 ± 41 
55 ± 31° 


6.1 ± 0.4 

5.2 ± 0.5 
7 ± 0.4 


2.7 ± 0.9 
2.2 ± 0.8 
2.7 ± 0.8 


38 ± 15 
38 ± 12 
43 ± 16 


Ketoconazole 
A 
B 
C 


5.7 ± 2.8 
10.2 ± 4.7« : 
12.5 ± 5.3 rf 


4.2 ± 1.3 
5.4 ± 2.1 
6.8 ± 2.7* 


16 ± 6 
17.3 ± 5 

17 ± 5 


180 ± 50 
280 ± 45" 
270 ± 33° 


3 ± 2.1 
7 ± 2" 
6 ± 1.9* 


3 ± 1.1 

5 ± 5.3 

6 ± 3.2* 


26 ± 10 
28 ± 11 

27 ± 10 


EE-CPA 
A 
B 
C 


4.7 ± 2.1 
3.0 i 1.6* 
3.2 ± 1.2* 


4.8 ± 1.2 

4.9 ± 2.0 
4.7 ± 1.9 


12 ± 5 
18 ± 10 
17 ± 10 


176 ± 52 
127 ± 62< 
92 ± 37° 


5.4 ± 1.8 
4.8 ± 1.6 
4.4 ± 1.2 


3.2 ± 1.1 
2.2 ± 0.9 d 
1.8 ± 0.6° 


30 ± 118 
124 ± 45° 
113 ± 38 a 



Normal hormonal ranges are reported in parentheses. In the ketoconazole group, at 180, 270, and 360 days of treatment, only eight subjects 
were studied. A, Basal; B, 180 days; C, 360 days. Significance is given for values within the same regimen. 
a P < 0.001 us. basal. 
* P < 0.05 vs. basal. 
c P < 0.05 vs. basal. 
d P < 0.005 vs. basal. 
e P < 0.02 vs. basal. 

TABLE 2. Endocrine mean ± SD plasma values in basal conditions and during treatment after 180 and 360 days of therapy with four 
different treatment regimens 





T f (pmol/L; 
normal, 2.4-12.5) 


T (nmol/L; 
normal, 1-3.5) 


DHT (nmol/L; 
normal, 0.3-1.1) 


DHA (nmol/L; 
normal, 8.5-41.2) 


DHAS (^tmol/L; 
normal, 1.9-10.3) 


A (nmol/L; 
normal, 1.4-15.7) 


F (nmol/L; 
normal, 193-662) 


Flutamide 
A 
B 
C 


8 ± 3.1 

8.7 ± 5.2 

5.8 ± 2.7° 


1.7 ± 0.6 

1.8 ±0.7 
1.1 ± 0.2* 


0.8 ± 0.2 
0.7 ± 0.2 
0.6 ± 0.1 c 


40.8 ± 14 
31 ± 10 a 
26.7 ± 10.7 C 


9 ± 2 
6 ± 1.8* 
5.9 ± 1.8* 


10.8 ± 2.5 
7.5 ± 2.9* 
7.4 ± 1.6° 


510 ± 57.9 
455 ± 49.6 d 
480 ± 55.1 


Finasteride 
A 
B 
C 


5.5 ± 2.4 
6.5 ± 2.4 
7.4 ± 2.4° 


1.7 ± 0.2 
2.0 ± 0.2* 
2.3 ± 0.2* 


0.7 ± 0.2 
0.6 ± 0.2 

0.5 ± o.r 


37.7 ± 21.1 
38.1 ± 12.1 
25.3 ± 12.9 


9 ± 2 
7 i 1.9* 
7 ± 1.9* 


7.9 ± 2.1 
9 ± 2.3 
9.2 ± 2.5 


474 ± 63 
469 ± 77 
496 ± 74 


Ketoconazol 
A 
B 
C 


7 ± 2 
5 ± 3 
5 ± 2° 


1.6 ± 0.7 
1.2 ± 0.2* 
1.2 ± 0.1* 


0.7 ± 0.3 
0.5 ± 0.2 
0.4 ± o.r 


32.1 ± 14.5 

20.5 ± 8° 

20.6 ± 7.5 a 


9 ± 2 
7.5 ± 2.1 
6.2 ± 1.9* 


7.5 ± 3 
4.4 ± 3.1 rt 
4.4 ± 2,7 a 


500 ± 200 
850 ± 197* 
800 ± 255 rf 


EE-CPA 
A 
B 

C 


5.8 ± 2.4 
4.1 ± 2.0* 
3.8 ± 1.7° 


1.8 ± 0,5 
1.1 ± 0.5* 
1.3 i 0.5* 


0.7 ± 0.3 
0.8 ± 0.3 
0.8 ± 0.3 


35 ± 15.2 
29.1 ± 15,4 
19.4 ± 6.5* 


9 ± 1.8 
7 ± 2' 
6 ± 2* 


9.1 ± 2.2 
7.1 ± 2.7* 
6.4 ± 1.8* 


518 ± 102 
596 i 80 e 
626 ± 55.1* 



" P < 0.05 vs. basal. 
* P < 0.001 vs. basal. 
c P < 0.005 vs. basal. 

P < 0.01 vs. basal. 
c P < 0.02 vs. basal. 

values increased progressively ( + 38%), but they remained 
within the normal range (20-175 mg/dL). 

Discussion 

A very long treatment period is always required to im- 
prove hirsutism and prevent or delay its relapse; the use, as 
much as possible, of low doses of antiandrogens may be a 
suitable choice in an attempt to prevent the incidence of 
side-effects and complications and to maintain treatment. 
The present study confirms the effectiveness of all four an- 
tiandrogens, flutamide, finasteride, ketoconazole, and cypro- 



terone acetate, in the treatment of hirsutism, even if given in 
very low doses; however, some differences do exist. 

Low as well as high doses of flutamide alone (4, 25) were 
effective. The hirsutism score decreased progressively 
(-55%), and the improvement of hirsutism was associated 
with a rapid decrease in hair diameter (-11% after 3 months) 
and a progressive decrease in the daily hair growth rate 
(-41% after 12 months). A net decrease in T, Tf, DHT, A, 
17-P, DHA, and DHAS plasma levels during treatment was 
observed, in agreement with some reports (26, 27) and in 
disagreement with others (1, 2, 5, 28), suggesting that the 



Downloaded from jcem.endojournals.org by on February 9, 2007 



r 



1308 



VENTUROLI ETAL. 



JCE & M . 1999 
Vol 84 • No 4 



100% 



Score 



-•-Flutamide 



-*~ Ketoconazole 
+ EE-CPA 




Fig. 2. Mean decreases in hirsutism score, hair diameter, and hair 
growth rate detected during the different treatments. Decreases are 
expressed as percentages with respect to basal values. For score: by 
ANOVA among groups during treatment, significant differences at 
360 days (F - 3.1; P < 0.03); maximum change in the percent flut- 
amide vs. finasteride after 360 days, P < 0.05; maximum change in 
the percent EE-CPA vs. finasteride after 360 days, P < 0.01. For hair 
diameter: by ANOVA among groups during treatment, significant 
differences at 90 (F = 8.6; P < 0.001) and 180 (F = 3.1; P < 0.03) days. 
For hair growth: by ANOVA among groups during treatment, signif- 
icant differences at 90 (F = 3.1; P < 0.03), 180 (F = 5.2; P < 0.003), 
and 270 (F = 9.9; P < 0.001) days. For maximum change in percent 
flutamide vs. finasteride after 360 days, P < 0.05. 

efficacy of flutamide must be ascribed to a reduction of 
androgen synthesis and to its action on target tissues. At a 
dose of 250 mg/day flutamide, neither liver failure nor the 
side-effects generally seen with high doses (2, 4, 27, 29, 30) 
were observed. Moreover, a significant decrease in the cho- 
lesterol and triglycerides values was observed, in contrast to 
the data reported by Dodin et al. (4). 

Finasteride, generally used at a dose of 5 mg/day (6-10), 
caused a significant decrease in the hirsutism score (-44%), 
hair diameter (-16%), and daily hair growth rate (-27%). In 
our experience, the results were less satisfactory than those 
reported by some (7-10), but in accordance with others (31, 
32). The administration of finasteride has been associated 
with a decrease in DHT plasma values (7, 8, 10) and an 
increase in T levels (7-10, 31); moreover, our data showed a 



decrease in DHAS levels, suggesting a slight inhibitory effect 
on adrenal steroidogenesis. Clinical parameters did not 
change, and no side-effects were reported during the ad- 
ministration of finasteride, confirming its favorable clinical 
applicability. 

Using a low dose ketoconazole treatment regimen, the 
hirsutism score improved markedly in the patients who com- 
pleted 12 months of therapy (-53%), and both hair diameter 
(-14%) and daily hair growth rate (-30%) decreased sig- 
nificantly. However, eight patients dropped out of the study 
because of side-effects and complications. We believe that 
ketoconazole should be used with caution. Our findings con- 
firm a decrease in T, Tf, A, DHT, and DHAS values and an 
increase in 17-P values, and give evidence of a strong inhi- 
bition of 17- hydroxylase, 17,20-desmolase, and 11-hydrox- 
ylase activity (12, 33, 34). 

High EE-CPA doses are very effective (15-18, 20); in the 
present study we used very low amounts of EE and CPA, and 
we confirm their high efficacy. Hirsutism progressively im- 
proved (as much as 60% less), and hair shaft diameter de- 
creased significantly (-20%), even though the initial slowing 
of hair growth ( - 30% at 90 days) did not improve any further 
after the first 3 months of therapy. The beneficial effect of 
EE-CPA seems to be related to the well known peripheral 
effect and to the decrease in both ovarian and adrenal an- 
drogens as well as the increase in SHBG reached despite the 
low EE doses given. The effects of the EE-CPA on lipid 
metabolism are still being debated (35-38). Despite the low 
EE doses employed, an increase; in triglycerides, which re- 
mained within the normal range, and a slight increase in total 
cholesterol were observed. The few transient side-effects re- 
ported during CPA-EE treatment did not require discon- 
tinuing the therapy. 

In correctly evaluating and comparing the results of dif- 
ferent treatments of hirsutism, we added the evaluation of 
the hair growth rate to the hirsutism score (22) and hair shaft 
diameter (31). This is a parameter whose behavior is partially 
independent of the hirsutism score and hair diameter (39), 
and this may explain the differences in the time response to 
the different therapies. 

Finasteride appears to be the drug with the slowest time 
of action; it induces the least decrease in hirsutism score of 
the four treatments. However, the drug is highly effective, as 
the hair diameter at the end of the treatment is similar to that 
found with the other therapies. It is the best tolerated, and 
this therapy is probably the most effective in treating nor- 
moandrogenic hirsutism. 

The EE-CPA combination induces the quickest reduction 
of hair growth and gives the greatest hair score decrease after 
12 months of treatment. It is the treatment of choice in ovar- 
ian and adrenal hirsutism in sexually active women, because 
of steroid suppression, contraceptive effects (40) due to go- 
nadotropin suppression, and optimal control of the men- 
strual cycle. 

Flutamide has a quick and progressive effect on all pa- 
rameters up to 12 months, very similar to the effects of 
EE-CPA and ketoconazole. The strong suppression of both 
adrenal and ovarian androgens without interference with 
gonadotropin secretion, the improved glucose tolerance (41), 
the cholesterol and triglycerides reduction, as well as the 
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TABLE 3. Side-effects, complications, and clinical changes during therapy with different treatment regimens 





Flutamide 


Finasteride 


Ketoconazole 


EE-CPA 


Headache 


2" 




3 


2" 


Nausea 


1 




4 




As tenia 






4 




Wt gain 6 








5 


Change of libido 








1 


Mastodinia a 








2 


Loss of scalp hair 






4 




Menstrual irregularity 






3 


2 


AST-ALT 






2 




Cholesterol (mg/dL) rf 










A 


185 ± 22 




180 ± 32 


180 ± 38 


C 


165 ± 29* 


NS 


150 ± 


227 ± 20 s 


Triglycerides (mg/dL)*' 








65 ± 24 


A 


63 ± 23 




71 ± 18 


C 


49 ± 12* 


NS 


53 ± 13^ 


106 ± 36* 


Satisfied 




3 


4 




Highly satisfied 


15 


10 


6 


20 


Dissatisfied 




2 


6 




Drop out 






8 


1 



Values given are the number of subjects. A, Basal; C, 360 days. Significance is given for values within the same regimen. 
a Slight and transient. 
b Mild weight gain less than 2 kg. 

c Aspartate amino-transferase-alanine amino-transferase. 
d Mean values ± DS of all treated subjects. 
e P < 0.05 vs. basal. 
f P < 0.01 vs. basal. 
s P < 0.001 vs. basal. 

absence of side-effects at low doses enable this drug to be 
used in a flexible way, especially for hyperandrogenism in 
nonsexually active adolescents, in obese subjects, and in pa- 
tients at cardiovascular risk. 

Ketoconazole improves all parameters of hirsutism, as do 
the other treatments; however, in view of its important and 
frequent side-effects and complications, its use should be 
discouraged. 

Finally, we emphasize that the treatment of hirsutism is 
aimed at the cause, and that each drug acts in its own way 
on anagen or telogen, hair diameter, or hair growth. How- 
ever, the drugs employed in the present report together with 
spironolactone (42), which competes at the androgen recep- 
tor level, currently constitute very satisfactory alternative 
therapeutic regimens in the treatment of hirsutism. 
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ANDROGENS 
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Andmgen^^nnaco/ogy is profoundly influenced by two aspects of androgen metabolism. 
First, testosterone, the hormone secreted by the testes, is metabolized to other hormon- 
ally active steroids in peripheral tissues,: the net consequence is that the action of the hor- 
mone is the sum of the action of testosterone itself the 5a-reduced androgen dihy- 
drotestosterone, and estrogenic metabolites. Testosterone and dihydrotestosterone both act 
via a common receptor, whereas the estrogenic metabolites act via the estrogen receptor. 
Pharmacological agents differ in their metabolism to these various types of active steroids. 
Second, testosterone and its metabolites are catabolized very rapidly by the liver. Conse- 
quently, a variety of strategies has been developed over the years to make it possible to 
sustain effective levels of the hormone in plasma. The most widely used means of achiev- 
ing this aim is the parenteral administration of testosterone esters at 1- to 3 -week inter- 
vals' these esters are hydrolyted in vivo and release testosterone into the circulation. 
Transdermal delivery systems for testosterone provide an alternative to parenteral ther- 
apy and make it possible to sustain effective blood levels in the steady state. All available 
orally active agents to date have to either be administered very frequently or be chemi- 
cally modified to slow their inactivation by the liver. 

The most clear-cut indication for androgen therapy is for male hypogonadism; in 
such men, the restoration of plasma testosterone to normal levels replaces all known tes- 
ticular functions except for spermatogenesis. Androgens also have been tried m a variety 
of other disorders with the hope that their pharmacological effects would provide a net 
benefit. For the most part, such regimens utilize orally active androgens that contain 17 a, 
alkyl substitutions. At present, such therapy is of clear benefit only in certain types of re- 
fractory anemia and in hereditary angioneurotic edema. Androgens also are frequently 
used in high doses by athletes in the belief that they enhance athletic performance. , 

Side effects of androgens include virilization (in women and boys), feminizing effects 
(men and boys), and toxic effects (all users), depending on the agent, the dose, and the 

^"'Agerts^ available to inhibit testosterone synthesis at the level of the pituitary 
(GnRH agonists; see also Chapter 55) and the testis (ketoconazole, liarazole), to prevent 
the conversion of testosterone to dihydrotestosterone in extraglandular tissues (finas- 
teride), and to inhibit the binding of androgen to its receptor (fluiamide, cyproterone ac- 
etate). These drugs are now undergoing evaluation in a variety of disorders in both men 
and women. 



f. History. The observation that castration makes the eunuch; prop- 
| erly credited to primitive man, ushered in the dawn of endocrinol- 
t ogy. The discovery that the testis is a gland of internal secretion is 
f ascribed to Berthold, who in 1849 showed that the transplantation of 
I gonads into castrated roosters prevents the typical signs of castration. 
f This was the first published experimental evidence for the effect of 
% an endocrine gland (Berthold. 1849). However, testosterone was one 
! of the last steroid hormones to be isolated in pure form. 

: Chemistry. The elucidation of the chemistry of the male sex hor- 
: mones was made possible by the development of methods of assay. 
: The technique of Koch and co-workers for the detenrunation of an- 



drogenic activity utilizing the growth response of the capon's comb 
was used in the first isolation of the uripary principle by Butenandt 
(1931), who by herculean effort obtained 15 mg of androsterone 
(5a-androstane-3cr-ol-17-one) from 25,Q00 liters of male urine. 

However,, androsterone could not account for the androgenic ac- 
tivity of testicular extracts, and the testicular hormone, testosterone, 
was isolated in crystalline form and identified as testosterone by 
David et al. (1935), and was then synthesized by Ruzicka and 
Wettstein (1935). 

Testosterone is secreted by the testis and is the mam androgen 
in the plasma of men. In women, testosterone is synthesized in small 
amounts by both the ovary and adrenal gland. In many target tissues 
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for androgens, testosterone is reduced at the 5 a position to dihy- 
drotestosterone, which serves as the intracellular mediator of most 
actions of the hormone. Dihydrotestosterone binds to the intracellu- 
lar androgen receptor protein more tightly than does testosterone, and 
the dihydrotestosterone-receptor complex is more stable than the 
testosterone-receptor complex; its greater androgenic potency is 
thereby explained. A variety of additional weak androgens exist, in- 
cluding the testosterone precursor androstenedione, the adrenal an- 
drogen dehydroepiandrosterone, and the dihydrotestosterone metabo- 
lites 5a-androstane-3af,17/3-diol and androsterone. However, these 
steroids bind so weakly to the androgen receptor that it is unlikely 
that they can act directly as hormones at physiological concentra- 
tions, and it is now believed that they are androgens only to the ex- 
tent that they are converted to testosterone and/or dihydrotestosterone 
in vivo. Thus, the prior concept of weak androgens is now one of 
weak androgen precursors. 

The major metabolites of androgens in urine — both free steroids 
and water-soluble conjugates — are physiologically weak or inactive; 
the predominant metabolites are etiocholanolone, a 5/3-reduced 
metabolite of A 4 ,3-keto androgens, and androsterone, a metabolite of 
dihydrotestosterone (Figure 58-1). 

Testosterone (but not dihydrotestosterone) also can be aroma- 
tized to estradiol in a variety of extraglandular tissues, a pathway that 
accounts for most estrogen synthesis in men and postmenopausal 
women (see Siiteri and MacDonald, 1973). The approximately 50 jj,g 
of estradiol synthesized each day in normal men may play a role in 
closure of the epiphyses; either relative or absolute excess of estro- 
gen causes feminization in men. 

Soon after the identification of testosterone as the principal tes- 
ticular androgen, it became apparent that it is difficult to administer 
the hormone effectively by mouth or by parenteral injection. Oral ad- 
ministration of testosterone (or dihydrotestosterone) is followed by 
absorption into the portal blood and prompt degradation by the liver, 
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Figure 58-1. Metabolism of androgens. 



so that insignificant amounts of hormone reach the systemic cirqi 
lation. Parenteral administration also is followed by prompt metat| 
olism. It is thus necessary either to modify the androgen molecule^ 
alter its properties, to devise means of administration that circun^ 
vent its rapid degradation, or to use a formulation that can be a$* 
ministered in such a way- as to provide sustained physiological leT 
els of hormone in plasma. 

The aim of chemical modification is to retard the rate of catabf 
olism or to enhance the androgenic potency of each molecule. Threes 
general types of modification of androgens have been particularly 
useful. (1) Esterification of the 17/3-hydroxyl group with any of sev§ 
eral carboxylic acids decreases the polarity of the molecule, makesj 
it more soluble in the lipid vehicles used for injection and hence: 
slows release of the injected steroid into the circulation. The longe^ 
the carbon chain in the ester, the more lipid-soluble the steroid be-t 
comes and the more prolonged the action. Such esters are hydrolyze# 
before the hormone acts, and the effectiveness of drug therapy can\ 
thus be monitored by assay of plasma concentrations of testosterone.^ 
Most esters must be injected, but two such compounds, methenolonte, 
acetate and testosterone undecanoate, have features that make oral ? 
administration possible. Testosterone undecanoate is absorbed via the 
intestinal lymphatic ducts rather than the portal system and heric^ 
gains direct access to the systemic circulation. The methyl group on 
the 1 position of methcnolone acetate slows hepatic inactivation and 
hence allows effective concentrations to be achieved in blood?| 
(2) Alkylation at the 17 a position (as in methyltestosterone and flu- 
oxymesterone) also allows androgens to be effective orally, becaUsef;, 
the alkylated derivatives are slowly catabolized by the liver. The alky}' 
group itself is not removed, metabolically, and hence, the alkylated: 
derivatives mediate the action of the hormone within cells. (3) Other 
alterations of the structure have been made empirically. In some in- 
stances the effect is to slow the rate of inactivation; in others the mod- 
ification enhances the potency; and in still others it alters the pattern 1 
of its metabolism. For example, fluoxymesterone is a good androgen 
but a poor precursor of estrogen, whereas 19-nortestosterone, like di- ; 
hydrotestosterone, binds more tightly to the androgen receptor. Most 
alkylated and altered steroids react poorly in the immunoassay for 
testosterone, and levels of these compounds in blood cannot be mon- 
itored in most clinical laboratories. 

A variety of testosterone formulations has been developed to 
circumvent the problems inherent in rapid clearance of orally ad- 
ministered and parenteral agents. These include transdermal prepa- 
rations (with or without emollient), pellets for subcutaneous implan- 
tation, a biodegradable microcapsule formulation for injection, and 
inclusion complexes that enhance sublingual absorption of the hor- 
mone. Of these, the testosterone transdermal system for use on the 
scrotum is the most widely tested and is now commercially avail- 
able; under optimal conditions it approximates the physiological pat- 
tern of hormone levels throughout the day and provides an alterna- 
tive to parenteral therapy. -'A' 



Synthesis and Secretion of Testosterone. The concur 
tratiori of testosterone in the plasma of males is relatively 
high during three periods of life: the phase of embryonic 
development in which male . phenotypic differentiation 
takes place, the neonatal period, and throughout adult sex 1 
ual life (see Figure 58-2). The concentration starts to.jise, 
in male embryos about the eighth week of development 
and declines prior to birth. It rises again during the neona-j 




I Figure 58-2. Schematic diagram of phases of male sexual 
I function as indicated by mean plasma testosterone level (solid line) 
| and sperm production (dashed line) at different phases of life. 



(From Griffin and Wilson, 1980, with permission.) 



■ tal period and then falls to typical prepubertal values within 
\ the first year of life. At the time of male puberty, the pi- 
tuitary begins to secrete increased amounts of the gonada- 
ls tropins luteinizing hormone (LH) and follicle-stimulating 
• hormone (FSH). Gonadotropins are initially secreted in a 
\ cyclic fashion in synchrony with the sleep cycle. As pu- 
berty progresses, however, pulsatile secretion of go-^ 
l nadotropins occurs during both sleep and waking periods 
t (see Boyar, 1978). The hypothalamus and pituitary become 
I less sensitive to feedback inhibition by sex hormones dur- 
\ ing puberty. The initiating event for these phenomena is 
I unknown. 

) Prior to puberty, concentrations of testosterone in 

I plasma are low (less than 20 ng/dl [0.7 nM]), although the 

\ immature testes are capable of synthesizing androgens if 

f challenged with gonadotropin. In the adult male, plasma 

[ testosterone concentrations are between 300 and 1000 

| ng/dl (10 to 35 nM), and the rate of production is 2.5 to 

I 11 mg per day (Rosenfield, 1972). Pathways of androgen 

"I biosynthesis. are shown in Figure. 57— 1. In plasma, about 

|; 40% of testosterone is bound to sex hormone-binding 

I globulin and about 2% is free (unbound); the remainder is 

I bound to albumin and othej proteins. Albumin-bound 

\ testosterone can dissociate within a capillary bed, such that 

i- the fraction available for rapid entry into cells is actually 

; about half of the total (see Pardridge, i986). 

\ Androgen-Gonadotropin Relationships. Gonadotropins 

I and testosterone are secreted in a pulsatile manner. In adult 

| men, the concentrations of LH, FSH, and testosterone in 

\ plasma fluctuate during the course of the day, although in- 

i tegrated daily values are relatively constant. 
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LH and FSH together regulate testicular growth, sper- 
matogenesis, and steroidogenesis. Growth hormone may 
have a synergistic effect with LH on the testis^while es- 
trogens can decrease the effects of LH on the secretion of 
testosterone. The actions of the gonadotropins are medi- 
ated at least in part through cyclic AMP (see Cooke et aL, 
1992). LH interacts with the interstitial (Leydig) cells of 
the testes to increase the synthesis of cyclic AMP and sub- 
sequently the conversion of cholesterol to androgens. 
Cyclic AMP enhances the activity of several enzymes in 
the steroidogenic pathway, including the cholesterol side 
chain cleavage enzyme, and it also may influence the avail- 
ability of cholesterol to serve as substrate (see Miller, 
1988). The major action of FSH is to promote spermato- 
genesis in the seminiferous tubules, and that of LH is to 
regulate testosterone synthesis by Leydig cells. FSH also 
can augment the activity of LH and enhance testosterone 
synthesis (see Lipsett, i980). Furthermore, testosterone is 
required for spermatogenesis and maturation of sperm. 
With immunohistochemical techniques, LH is localized 
principally in Leydig and peritubular cells, and FSH binds 
to Sertoli cell in the spermatogenic tubule (Castro et aL, 
1972; Ritzen et al t 1989). Androgens released from the 
Leydig cell diffuse into the spermatogenic tubule to pro- 
mote spermatogenesis and gain access to the circulation to 
virilize the male at puberty (Matsumoto, 1989). Both LH 
and FSH have growth promoting effects on the testes. In 
the human testis the effects of human chorionic go- 
nadotropin appear to be identical with those of LH. 

Administration of testosterone to intact animals sup- 
presses the secretion of LH and thereby causes atrophy of 
interstitial tissue. The administration of testosterone also 
suppresses the excessive secretion of FSH in eunuchism, 
but whether testosterone plays a major role in the physio- 
logical regulation of FSH secretion is not resolved. Im- 
plantation of testosterone in the median eminence of rats 
inhibits pituitary gonadotropin secretion by decreasing 
the concentration of gonadotropin-releasing hormone 
(GnRH; formerly referred to as luteinizing hormone- 
releasing hormone, LHRH) (see Schally, 1978; see also 
Chapter 55). Likewise, administration of testosterone to 
hypogonadal men causes a decrease in both the frequency 
and amplitude of puises of LH secretion, presumably by 
inhibiting the release of GnRH (Matsumoto and Bremner, 
1984). 

In normal men, about 15% of the estradiol is secreted 
from the testes, probably the Leydig cells (see Lipsett, 
1980). Estrogens in men also are synthesized from andro- 
gens in extraglandular tissues, including the brain (see 
Siiteri and MacDonald, 1973; Marcus and Korenman, 
1976). Estrogens formed locally in the brain from tfdmin- 
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istered or endogenous androgen may play a role in the reg- 
ulation of gonadotropin secretion by testosterone. 

Feedback inhibition of FSH secretion by testicular 
hormones involves peptides as well as steroids (Keogh 
et al, 1976; Ramasharma and Sairam, 1982). Inhibin is a 
peptide hormone that contains both 20,000- and 15,000- 
dalton subunits {see Baird and Smith, 1993). The protein 
is synthesized by both Sertoli cells and the ovary and is 
believed to decrease production of the mRNA for the /3 
subunit of FSH in the pituitary (Findlay et al, 1991). 
Ovarian and Adrenal Androgens. Testosterone and 
other androgens are secreted by the ovary and the adrenal 
cortex as well as by the testis. Furthermore, androstene- 
dione and dehydroepiandrosterone, which are also pro- 
duced by both the ovary and adrenal, can be converted to 
testosterone and estrogen in peripheral tissues. The daily 
rate of production of testosterone in women is about 
0.25 mg, and about one-half of this is derived from the 
metabolic conversion of androstenedione to testosterone at 
extraglandular sites {see Rosenfield, 1972; Givens, 1978). 
The synthesis and secretion of testosterone in rabbit ovary 
are enhanced by the administration of LH (Hilliard et al, 
1974). 

Alterations in. plasma concentrations of testosterone 
and androstenedione occur during the menstrual cycle. The 
concentration of testosterone in the plasma of women 
ranges from 15 to 65 ng/dl (0.5 to 2.3 nM). Two peaks of 
androgen concentration correspond to those, of plasma es- 
trogens at the preovulatory and luteal phases of the cycle 
( Judd and Yen, 1973). In some ovarian disorders, andro- 
gens are secreted in increased amounts by the. ovary, re- 
sulting in virilization. 

In normal men, production of testosterone by the 
adrenal cortex is not sufficient to maintain spermatogene- 
sis or secondary sexual features in the adult. However, in 
certain conditions such as congenital adrenal hyperplasia 
and adrenal tumors, the adrenal cortex can secrete large 
quantities of androstenedione, and significant amounts of 
testosterone can be formed from this precursor in ex- 
traglandular sites. 

Physiological and Pharmacological Actions. Andro- 
gens serve different functions at different stages of life. 
During embryonic life, they virilize the urogenital tract of 
the male embryo, and their action is thus essential for the 
development of the male phenotype. The role of andro- 
gens, if any, during the neonatal surge of androgen secre- 
tion is not defined but may involve developmental func- 
tions within the central nervous system. At puberty, the 
hormones act to transform the boy into a man. Minimal 
androgen secretion from the prepubertal testis and adrenal 



cortex suppresses secretion of gonadotropins until, at a 
variable age, secretion of gonadotropins becomes less sen- 
sitive to feedback inhibition and the testes start to enlarge 
{see Franchimont, 1977; Boyar, 1978). Shortly thereafter, 
the penis and scrotum begin to grow, and pubic hair ap- 
pears. Early in puberty penile erections, nocturnal ejacu- 
lations, and masturbation become frequent in most boys. 
Almost simultaneously the growth-promoting property of 
androgen causes an increase in height and the development" 
of the skeletal musculature, which contribute to a rapid in- 
crease in body weight As the muscles grow, physical vigor 
is increased. The testes reach adult proportions before all 
the changes of puberty are completed. As a result of the 
actions of androgens, the skin becomes thicker and tends 
to be oily owing to a proliferation of sebaceous glands; the 
latter are prone to plugging and infection, predisposing to 
acne. Subcutaneous fat is lost, and the veins are prominent 
under the skin. Axillary hair grows, and hair on the trunk 
and limbs develops into a pattern typical of the male. 
Growth of the larynx causes difficulty at first in adjusting 
the tone of speech and later brings about a permanent deep-: 
ening of the voice. Growth of beard and body hair lags 
behind the other events of puberty and is the last of the 
secondary sex characteristics to develop. Concurrently/ 
those whose inheritance so dictates show the first signs of 
male pattern baldness,; with recession of the hairline at the, ^ 
temples and thinning of the hair at the crown. At about tbi$- "J 
time, the major spurt in growth comes to an end as the epk j 
physes of the larger long bones begin to close, and ovei> 
the next few years only 1 to 2 cm of additional growth is! 
usual. \" 

Androgens also may be responsible in part for the ag*-|j 
gressive and sexual behavior of males {see Lunde and J| 
Hamburg, 1972; Wilson, 1982) and, in some species, fbn | 
organizational effects in the brain during prenatal or early ^ 
postnatal life {see Pardridge et al, 1982). While this -is 
difficult matter to resolve, the differential behavior pattdgjfff 
of many male and female animals suggest that sex 'J&j^i 
mones play an important role in behavior. Although ?s$M 
chopathic behavior in men is not associated with altere&|p 
patterns of androgen metabolism, administration of pha||| 
macological amounts of androgen to normal men fbr,shofe 
periods can cause a variety of adverse effects on mood antff 
behavior (Su et al, 1993). \ \;W 
When androgen is given before puberty or to a youi^ 
eunuchoid man, the events of normal puberty are duplg 
cated, and the time required to complete normal pube¥|| 
virilization (2 or more years) is not significantly shorten^ 
Shortly after the start of treatment, erections appear aim 
may be embarrassingly inappropriate and frequent, even^||| 
the point of discomfort; with continued treatment at;W 
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same dose this response subsides. Increased physical vigor 
is noted within a few weeks, and a general feeling of well- 
being ensues. A distinct change in the voice can be noted; 
soon thereafter the penis begins to grow, and axillary and 
pubic hair become more luxuriant. The rapidity of skele- 
tal growth is impressive in boys treated at or before the 
time of normal puberty; the height may increase 10 cm or 
more during the first year and continue at a dirninished rate 
for 2 or 3 years. With continued treatment, development 
follows the course of normal puberty, with the growth of 
a beard and body hair as a late expression of therapy. 

Failure of Puberty Owing to Hypogonadism. The normal actions 
of androgens are illustrated by the consequences of deficiency. If the 
testes fail to function or are removed in boyhood, puberty does not 
occur. Failure of the testes to develop may result from a deficiency 
of gonadotropins or from a primary testicular defect. A boy so af- 
flicted continues to grow and becomes abnormally tall; theliands and 
\ feet become especially large, and the limbs are unduly long. The 
childish appearance and demeanor are in striking contrast to the 
stature; the larynx does not grow, leaving the voice high-pitched. The 
skeletal musculature is underdeveloped, and bone density is subnor- 
mal. Accumulation of fat is especiaUy prominent around the shoul- 
ders and breasts and over the upper thighs, hips, and abdomen, the 
whole giving the mistaken impression of femininity. Male-pattern 
baldness does not appear, the beard is scant or nonexistent, the axil- 
lary and pubic hair is sparse, and the body hair is short and fine. The 
genitalia are those of a child, and there is no sex drive. 
> Hypogonadism after Puberty. Some of the sex characteristics de- 
i veloped during puberty are self-sustaining, while others require the 
t continued action of androgen. Hypogonadism in the adult is typified 
t by castration after puberty. The general bodily proportions remain 
\ the same, the penis does not shrink, the voice does not change, and 
t the beard and body hair remain unchanged for a long time. Libido 
I is greatly reduced or absent; erections during sleep are decreased, but 
| erections are normal after erotic visual stimuli (Cararti et al, 1992). 
| The prostate and seminal vesicles regress and the volume of the se- 
j men is small or there is none at all. Osteopenia is usual, 
t Complete failure of the endocrine function of the testis in adult 
\ life is not common; a partial deficiency can originate from incom- 
r . plete testicular development at puberty, as in 47,XXY men with the 
I Klinefelter syndrome, or from a disorder during adult life, such as 
% pituitary failure or a viral infection of the testis \ (see Odell and 
;■" Swerdloff, 1978). Testicular function decreases gradually with age, 
\ beginning in the fifth decade. However, the decrease in erectile func- 
tion that often occurs in aging men usually cannot be attributed to 
\. altered testicular function (Gray et al, 1991). 

< Actions on the Testis and Accessory Structures. At 
about the eighth week of fetal life, testicular androgens be- 
gin to be secreted and express their important role in die 
differentiation and development of the male reproductive 
tract (see Jost, 1971). Lack of androgens in the male fetus 
; results in the development of a female external phenotype. 
I The developing testes also produce a peptide hormone 
L(Mullerian inhibiting substance) that causes regression of 
' the Mtillerian ducts of the fetus (see Donahoe et al> 1987). 
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Subsequently, under the influence of testosterone, the 
Wolffian ducts differentiate into the epididymis, vas def- 
erens, and seminal vesicles. Dihydrotestosterone causes fu- 
sion and elongation of the labioscrotal fold to result in the 
development of the male uretha, penis, and scrotum, and 
virilization of the urogenital sinus to form the prostate. 
During the latter part of gestation, plasma concentrations 
of androgen in the male fetus begin to decline, and at birth 
they are essentially undetectable (see Rosenfield, 1972). 

At puberty and thereafter androgens exert a direct ef- 
fect upon the testis. Androgens are required for spermato- 
genesis in the seminiferous tubules and for the maturation 
of sperm in passage through the epididymis and vas defer- 
ens. These processes are ordered and complex, and the na- 
ture Of the effects of testosterone thereon is unknown. Stud- 
ies of these events are complicated by the fact that 10 weeks 
are required for completion of spermatogenesis and that 2 
to 3 additional weeks are needed for passage of sperm 
through the vas deferens and for maturation of sperm. 

In fetal, prepubertal, and pubertal life the actions of 
testosterone result in growth of the clitoris or penis. An- 
drogens also control the growth and function of the semi- 
nal vesicle and prostate. 

Anabolic Fiffects. The nitrogen-retainirig effect of an- 
drogen was first demonstrated in castrated dogs 
(Kochakian and Murlin, 1935). Papanicolaou and Falk 
(1938) showed that certain skeletal muscles of male guinea 
pigs are larger than those of the female and that the dif- 
ference is abolished by removal of the testes. Administra- 
tion of testosterone to the female or the castrated male 
causes male muscle development; thus, male muscle de- 
velopment is a phenotypic characteristic dependent upon 
androgen for its expression. In human beings, the major 
difference in muscle development between the sexes is in 
the muscles of the shoulder girdle. The anabolic actions of 
androgens are mediated by the same receptor protein that 
mediates the actions of the hormone in other target tissues 
(see below; see also Saartok et al, 1984). • 

The anabolic (nitrogen-retaining) effects of androgen are more 
pronounced in hypogonadal men* in boys before puberty, and in 
women than in normal men (Knowlton et al, 1942). Indeed, normal 
men experience only a transient positive nitrogen balance of a slight 
. degree when usual pharmacological amounts of androgens are ad- 
ministered. A dose of 25 mg of testosterone propionate daily causes 
an average daily retention of nitrogen of 63 mg/kg of body weight 
in hypogonadal men. There also is retention of K + , Na + , Cl~, phos- 
phate, and sulfur and a gain in weight, which can be accounted for 
largely by the water held in association with the retained electrolytes 
and protein. When the administration of androgen is stopped, Na + , 
Cl~, and water quickly are lost from the body, phosphate and K + are 
lost less rapidly: and completely, and the stored nitrogen is retained 
for weeks. 
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Effects on Sebaceous Glands. Development of acne at 
puberty is related to the growth and secretion of the seba- 
ceous glands. The administration of exogenous androgens 
also may cause acne, but this effect is usually less pro- 
nounced in adult men (see Ebling, 1970). 

Mechanism of Action. At many sites of action, testos- 
terone is not the active form of-the hormone. It is converted 
by steroid ^-reductases in target tissues to the more active 
dmydrotestosterene (Table 58-1; see Russell and Wilson, 
1994) Steroid 5a-reductase 1 is located largely in nongeni- 
tal skin and liver, and steroid 5a-reductase 2 is present prin- 
cipally in the urogenital tract of the male and in the genital 
skin of both sexes. In one form of male pseudohermaphro- 
ditism, the target tissues are deficient in steroid 5a-reductase 
2 In this disorder, the genotypic male secretes normal 
amounts of testosterone from the testes, but the hormone is 
not converted to dihydrotestosterone, ^ d . mde ^ te ™ al 1 ^"" 
italia fail to develop. In contrast, virilization of the Wolffian 
ducts during embryogenesis is normal in such mdividuals, 
testosterone itself also is believed to be the principal media- 
tor of the regulation of LH production by ^ypotha^mc- 
pituitary system and of spermatogenesis (Griffin et al, 1994). 

Testosterone or dihydrotestosterone binds to an intra- 
cellular protein receptor (Figure 58-3) and the hormone- 
receptor complex is attached in the nucleus to 
mone regulatory elements on the chromosomes aid actsto 
mcreaseffie synthesis of specific RNAs and ^proteins .The 
human androgen receptor is a typical member of the su 
perfamily of steroid and thyroid hormone receptors (see 
Son-Jurica et al, 1990; see also Chapter 2) It is en- 
coded by a gene on the X chromosome and contains an- 
drogeniindfng, DNA^binding, and ^ tiOTal h do ^ 
-(Chang et aL 1988). The general mechanism by which 
Serene and dihydrotestosterone are believed to act to 



(Pro) 8 (Gly) 23 




Binding Domains ' 
Figure 58-3. Schematic diagram of the human androgen re- 
ceptor, which contains 917 amino acids. 

In the N-terminal domain, there are three homopolymeric 
repeat regions, one with a modal number of 20 glutamines 
(Gin), one with 8 prolines (Pro), and one with 23 glycines 
(Gly). 

promote virilization of the male is illustrated schematically 
in Figure 58-4. Mutations that impair either the function 
of the 5o-reductase or the androgen receptor impair the 
virilization of the male embryo and result in male pseudo^ 
hermaphroditism {see Griffin et al, 1994). 
Absorption, Metabolism, and Excretion. Testosterone 
iniected as a solution in oil is quickly absorbed, metabo- 
lized, and excreted so that the androgenic effect is small. 
Testosterone given by mouth is readily absorbed but is even 
less effective, since most of the hormone is absorbed into 
the portal circulation and metabolized by the liver before 
reaching the systemic circulation. Alternate means of ad- ; 
ministering testosterone have been devised to circumvent 
these difficulties (see above). ^ , , a 

Testosterone esters are less polar than the free steroid 
and when such esters are injected intramuscularly m oil, are 
absorbed more slowly. For example, testosterone propionate 
is more active than testosterone, even when each is injected, 
every day. The cypionate and enanthate esters are «my ef-. 
fective when given at 1- to 3-week intervals in Pr°P°£on- 
ately larger doses, and the ultra-long-acting ester testos- 
terone buciclate can be administered at 12 week intervals 




pH optimum 
Location of gene 
Tissue distribution 

K m for testosterone 
Ki for finasteride 
Activity in steroid 5 a- 
reductase deficiency 
Sequence homology 



7.5 

Chromosome 5 
Liver and non- 
genital skin 
4 /iM 
300 nM 
Normal 



5.0 

Chromosome 2 
Liver ahd male 
urogenital tract 
1 . 
3-5 nM 
Low or absent 



Approximately 50% 



source: Adapted from Russell and Wilson. 1994, with permission. 
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(Behre and Nieschlag, 1992). Since these esters are hy- 
drolyzed prior to action, the concentrations of testosterone 
in. plasma can be monitored by conventional immunoassay. 
This greatly facilitates the .administration of effective 
dosages for each patient (Caminos-Torres et al, 1977). 

Testosterone is inactivated primarily in the liver. Me- 
tabolism to aridrostenedione involves oxidation of the 17- 
OH group; 5a-reduction of ring A of androstenedione leads 
to formation of androstenedione, and the 3-keto group is 
reduced to form androsterone; alternatively, androstene- 
dione can be reduced in the 5j3 position and can undergo. 
3-keto reduction to form etiocholanolone (see Figure 
58-1). Dihydrotestosterone itself is converted in the liver 
to androsterone, androstanedione, and androstanediol (see 
Fotherby and James, 1972). Alkylation of androgens at the 
17 position markedly retards their hepatic metabolism and 
permits such analogs to be effective orally (see below). 

After the administration of radiolabeled testosterone, 
about 90% of the radioactivity appears in the urine; 6% ap- 
pears in the feces after undergoing enterohepatic circulation. 
Urinary products include androsterone and etiocholanolone. 
Small amounts of androstanediol and estrogens also are ex- 
creted, largely as glucuronide and sulfate conjugates* 

Androsterone and etiocholanolone, among many other com- 
pounds, are measured as urinary 17-ketosteroids in the usual clinical 
|- tests. However,, the major fraction of the ketosteroids of urine con- 
sists of metaiBoiic products of the adrenal steroids. Thus, measure- 
| ment of the excretion of 17-ketosteroids is not a valid test for the 
I functional activity of the testis. Low values may point to adrenal in- 
| sufficiency rather than to hypogonadism, and high values almost ai- 
rways indicate adrenocortical hyperactivity or tumor. When the testes 
|are absent, the human male is androgen-deficient even though the 
gurinary 17-ketosteroids may be within the normal range. Likewise, 
:in women, measurement of the excretion of 17-ketosteroids rarely is 



helpful in elucidating whether an excess of androgen originates in 
the ovary or the adrenal. 

The esters of testosterone are hydrolyzed to free, testos- 
terone and subsequently are metabolized in the same way 
as is testosterone itself, but many other changes in the mol- 
ecule (as in methyltestosterone and fluoxymesterone) alter 
the course of metabolic degradation. As a result, many syn- 
thetic androgens are metabolized less rapidly than is testos- 
terone and have longer half-lives. Unaltered compounds, 
metabolites, and conjugates are excreted in the urine and 
feces (Fotherby and James, 1972). The fact that these al- 
tered steroid molecules and their metabolites are excreted 
in urine allows their use to be detected when they are taken 
for performance enhancement by athletes (see Wilson, 
1988). 

Assays, Bibassay is used in the evaluation of androgenic potency 
of new compounds. The classical assay is based on the growth of 
the comb of the capon; the most. widely used test depends upon the 
growth of the seminal vesicles or ventral prostate of the castrated 
rat. The search for anabolic steroids made use of a different series 
of bioassays, including assessment of the growth of the kidney or 
levator ani muscle of castrated rats. Unfortunately, none of these 
assays is totally satisfactory and able to predict the results obtained 
in clinical trials, and no pure anabolic steroid without androgenic 
effects has ever been described. The failure to separate the andro- 
genic and anabolic effects is not surprising, since androgenic and 
anabolic actions of the hormone are mediated by a single receptor 
protein. 

Administration and Dosage. Some of the parenteral and oral prepa- 
rations of androgens available for clinical use are summarized in Ta- 
bles 58-2 and 58-3, respectively. 

Androgen therapy is used primarily in androgen-deficient men 
for the development or maintenance of secondary sex characteristics. 
When replacement therapy with androgen is required, the intramus- 
cular preparations are the most effective. Dosage should provide 




Figure 58-4. A schematic dia- 
gram of the mechanisms by 
which androgen acts in target 
tissues to perform its major 
functions. (Reprinted, by per- 
mission of the New England Jour- 
nal of Medicine, 326:611, 1992.) 
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NONPROPRIETARY NAME AND 
SOME TRADE NAMES . 



CHEMICAL STRUCTURE 



Testosterone 

TESTOJECT-50 



Testosterone propionate 

TESTBX 



Testosterone enanthate 

DELATBSTRYL 



Testosterone cypionate 

DBPO-TESTOSTERONE 




-COCH 2 CH 3 



O— CO(CH 2 ) 5 CH 3 




O— COCH 2 CH 2 



<3 



DOSAGB FORMS AND 
USUAL DOSAGE FOR 
ANDROGEN DEFICIENCY 



Aqueous suspension 
for intramuscular 
use; 10 to 50 mg 
three times weekly 



Oily solution for 
intramuscular use: 10 
to 25 mg two to 
three times weekly 



Oily solution for ?]|?| 
intramuscular use: 50 
to 400 mg every 2 to 
4 weeks 



Oily solution for 
intramuscular use: 50 
to 400 mg every 2 to 
4 weeks 



about 6 to 10 mg per day; with testosterone propionate's s met 
by giving 25 mg three times weekly. With the.1onger, acting esters 
SedTse g is about 200 mg every 2 to 3 weeks. Long-term tr^tment 
with these doses ordinarily causes full masculine ^development, pro- 
vided therapy is started sufficiently early in life WTien androgen re- 
placement is started late (over the age of 25) . the degree of viriliza- 
tion attained is variable but may be near normal. 

A preparation of testosterone for transdermal use has been de- 
veloped in which a testosterone-loaded film is; applied each day to 
the scrotal skin (tbstodbrm; testosterone .transdermal system). 
This preparation permits maintenance of plasma ^ncentrations of 
testosterone within the normal range, while ^^^^tT 
cessity for parenteral administration (Fmdley et 1987, Bals- 
Pratsch et al, 1988). Such therapy causes a disproportionate in- 
crease in the plasma concentration of dihydrptestosten>ne to a level 
that is 30% to 409b of that of testosterone;, presumably because ot 
conversion by the scrotal skin during absorption; however, dihy- 
drotestosterone has no known deleterious effects at^these concen- 
trations. A transdermal preparation that does not require applica- 



tion to me scrotal skin also has been developed (Meikle et 

1992) % 
Some preparations of androgens have been introduced pnma£| 
ily for use as anabolic agents, with the expectation that they would| 
be relatively less androgenic than testosterone and its close relatryjs^ 
However, none is free of androgenic activity. ; . 

Various mixtures of androgenic and. anabolic steroids with 
trogens, vitaihins, and other agents also are available. However,^ 
use of these fixed-dose combinations is to be discouraged. In parti^i 
ular, their prolonged use in postmenopausal women and geriatric. pa|| 
tients is cosdy and usually irrational. 

Untoward Effects. = .Three types of side effects of andr^i 
gens can be recognized: (1) virilizing side effects are 
diated by the androgen receptor and are inappropriate onlj| 
when the recipient is not a hypogOnadal adult mas* 
(2) feminizing, side effects are mediated by estrogenic! 
metabolites of the administered steroid; and (3) toxic side; 
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Table 58-3 

Some Oral and Buccal Androgens Used in Therapy 



NONPROPRIETARY NAME AND 
SOME TRADE NAMES 



Danazol* 

DANOCRINE 



Fluoxymesterone 

HALOTESTIN 



CHEMICAL STRUCTURE 




DOSAGE FORMS AND 
USUAL DOSAGE 



Capsules: 200 to 800 
mg daily 



Tablets: 2.5 to 20 mg 
daily 



Methyltestosterone 

ORETON METHYL, 

TESTRED, 

VIRILON 



Oxandrolone* 

OXANDRIN 




■CH 3 



•CH 3 



Tablets and capsules: 
10 to 50 mg daily 

Buccal tablets: 5 
to 25 mg daily 



Tablets: 2.5 to. 20 mg 
daily 



'Used predominantly to suppress the pituitary and for the treatment of hereditary angioneurotic edenia. 
^Investigational; orphan drug status. 



effects are mediated generally by uncertain mechanisms. 
Virilizing Effects. When used in women, all androgens, 
carry the risk of causing masculinization. Among the Un- 
desirable manifestations are acne, the growth of facial hair, 
and coarsening of the voice. Menstrual irregularities occur 
if gonadotropin secretion is suppressed. If treatment is dis- 
continued as soon as the initial symptoms are noticed, they 
slowly subside. With continued treatment-— as in the long- 
term use of androgen in mammary carcmpma— male-pat- 
tern baldness, excessive body hair, prominent musculature, 
and hypertrophy of the clitoris also may develop. With pro- 
longed treatment many of these effects, such as the deep- 
ening of the voice, are irreversible. During initial andro- 
gen-replacement therapy in hypogonadal males, sustained 
erections may be seen. This effect subsides with continued 
therapy .at the same or lower doses of androgen. 

Profound virilization and serious disturbatices of 



growth and osseous development can occur when andro- 
gens are given to children. The capacity of androgens to 
enhance epiphyseal closure in. children may persist for as 
long as several rhonths after discontinuation of the drug. 
Androgens should be used with great care in children and 
should not be used during pregnancy, since they can cross 
the placenta and masculinize the female fetus. 

Although androgens are required for spermatogene- 
sis and .may maintain spermatogenesis for prolonged perir 
ods in animus aftet hypophy use of an- 

drogens in normal men may result in azoospermia owing 
fo inhibition of. gonadotropin secretion and conversion of 
androgens to estrogens. Anabolic steroids may produce the 
same effect, arid din^uuon in sperm count can sometimes 
persist for many months after the aq^mnistration of ana- 
bolic steroids is stopped. 

Feminizing Effects, Feminizing side effects, particularly 
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avnecomastia, can occur in men who receive androgens. As 
E above, androgens containing * A*3-keto configura- 
tion can be converted (aromatized) to 
^glandular tissues, and the administration of testosterone 
SrTcauses an increase in plasma concentrations of estro- 
?S*g side effects are 
children (possibly because of an increased extraglandu to 
S™L?«W£ compared admts) and m men ^ 
Wr disease (who have diminished rates of androgen dear 
shunt androgen substrate to ^ 
sites of aromatization). Feminization is not a S1 de effect Pt 
anSogens such as 19-nortestosterone *f ^^f^ 
which are poor substrates for the aromatase enzyme 
tS Effects. Edema. Retention of water in associa- 
ti^ wmSum chloride appears to be a consistent effect 
TZ admhiistration of androgen and accounts for much 
of Z gain in weight, at least in short-term 
Se doses used to treat hypogonadism, retention of fluid 

to the administration of natriuretics. 

Jbmdto M«lhylu»tost»ton e waste f«» antogCT 

STnTil substations CM case ttos comptamon. 

"phosphatase in the ^^^^JS 
=^al^d^l^^ 

£ S with the parenteral use of testostero ne es- 
ters Consequently, testosterone esters should be admits 
SdTnS of ^substituted steroids in virtoaUy all clui- 
(except hereditary angioneurotic £ 
particular, the use of "a-substituted^ sho uU be 
avoided in patients with liver disease. Other forms at ne 
P^cSsSse, such as peliosis hepatitis, also are rarely as- 



sociated with the use of androgens {see Ishak, 1981). 

SLtic C««:ta Patients who have received 
17a-alkyl substituted androgens for prolonged periods may 
dev^lophepatic adenocarcinoma. Most of the patients de- 
scribed received the derivatives for 1 to 7 years, and toe 
compUcation may be more common in subjects with Fan- 
coni's anemia (see Ishak, 1979). 

Effects on Laboratory Tests. Androgens can de- 
crease the concentration of thyroid-bindmg globuhn in 
pLma^d thereby influence thyroid function tests in- 
creTe the excretion of 17-ketosteroids, raise ptesma LDL- 
cholSterol and lower plasma HDL-cholesterol concep- 
tions and increase the hematocrit {see also Chapters 36 and 
-Alkyl-substituted steroids cause an nicreas ,m toe 
^natic svnthesis and plasma concentrations of a variety 
or g topro!eS (Barbo'sa et al, 1971). Alterations m tests 
of hepatic function are discussed above. 



Therapeutic Uses. The clearest therapeutic indication 
for aXgens is deficient endocrine function of teste. 
t« addition they have been tried in a vanety of other sit- 
uation ti^ that their effects on nongenital tissues 
Wd be benefidal. Testosterone esters are the ^ prefer^d 
TsTnts in all situations. Because of their ^ sldc . e ^ 
t Inve^ the use of alkylated androgens should be re- 
angioneurotic edema Wow) or 
Tort-term therapy in patients with serious illnesses. 

well-being is jeopardized. evaluated for pituitary 

in Chapter 55. . ' . . . « tn hov «, w uh delayed puberty in 
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eventual maintenance dose of the long-acting esters of testosterone 
is about 200 mg every 2 weeks. The concentration of testosterone in 
plasma should be titrated to the normal range in all individuals 
(Caminos-Torres etal, 1977). As emphasized above, because of their 
effects on hepatic function, 17a-aJkyl-substituted androgens should 
not be used for replacement therapy. 

When therapy is begun at the time of expected puberty in boys 
with either primary or secondary hypogonadism, the normal events 
of puberty proceed in the usual fashion. The normal growth spurt oc- 
curs, and penile development, deepening of the voice, and appear- 
ance of other secondary sex characteristics are apparent during the 
first year. Puberty in normal boys extends over several years, and 
treatment designed to replicate normal development cannot hasten 
the process greatly. Testosterone exerts its fall action only in the pres- 
ence of a balanced hormonal environment and specifically only in 
the presence of adequate concentrations of growth hormone. Conse- 
quently, prepubertal boys with coexisting deficiency of growth hor- 
mone exhibit a diminished response to androgens with regard to both 
growth and virilization unless growth hormone is given simultane- 
ously. 

If therapy is delayed until long after the usual time of puberty, 
the degree of virilization that can be achieved is variable. Many of 
these patients undergo a late but relatively complete anatomical and 
functional male maturation. If hypogonadism is primary and of long 
duration, suppression of plasma concentrations of LH to the normal 
range may not occur for months, In subjects with hypogonadbtropic 
hypogonadism, androgen therapy is given until fertility is desired, at 
which time gonadotropin or GnRH is administered to promote sper- 
matogenesis (jee Chapter 55). As would be expected, androgen re- 
placement in hypogonadal men causes the prostate and seminal vesi- 
cles to increase to the normal adult male range (Sasagawa et al, 
1990). 

In postpubertal testicular failure, even of many years duration, 
resumption of normal sexual activity usually occurs following ade- 
quate replacement. The. major effect of androgen on sex drive ap- 
pears to be on libido; the volume of the ejaculate.and other secondary 
sex characteristics return to normal, and the effects of pubertal an- 
drogen on hemoglobin, nitrogen retention, and skeletal development 
also are reproduced. In contrast, administration of testosterone has 
no effect on libido in men with normal concentrations of the hor- 
mone in plasma. 

Nitrogen Balance and Muscle Development. In hypogonadal or 
castrated men, androgens cause reduction in the urinary excretion of 
nitrogen, Na 4 ", K + , and Clr and a gain in weight (see Wilson arid 
Griffin; 1980), In all situations other than hypogonadism, the posi- 
tive nitrogen balance fs short lived (probably lasting no more than 1 
to 2 months). 

Since androgens have significant effects on muscle mass and on 
body weight when administered to hypogonadal men, it was assumed, 
but never proven, that androgens in pharmacological doses could pro- 
mote growth of muscle above the levels produced by the normal tes- 
ticular secretion. This assumption was based on the belief that ana- 
bolic and androgenic actions are different, and a concerted effort was 
made to devise pure "anabolic" steroids that have no androgenic ef- 
fects. In fact, androgenic and anabolic effects do not result from dif- 
ferent actions of the same,hormone but represent the same action in 
different tissues; androgen-responsive muscle contains the same re- 
ceptor that mediates the action of the hprmpne in other target tissues 
(Saartok et al, 1984). All analjolic hormones tested to date tyre also 
androgenic. In appropriate doses, most anabolic agents can be used 
for replacement of androgen. For example, methandrostenolone. 



which -has a greater effect on nitrogen balance per unit weight than „ 
does methyltestosterone, is a potent androgen and has been used for 
replacement therapy in hypogonadal men. Nevertheless, androgens 
have been tried in a variety of clinical situations other than hypogo- 
nadism with the hope that improvement in nitrogen balance and mus- 
cle development would outweigh any deleterious side effects. 

Catabolic States. Body protein is broken down more rapidly 
than it is formed following injury or surgery, and excess nitrogen is 
excreted in the urine as a consequence. During the subsequent re- 
covery phase, nitrogen deficits are replaced. Anabolic steroids can 
improve the nitrogen balance during the first few days following rel- 
atively, minor operations in well-nourished subjects, but the decrease 
in nitrogen loss is rmnimal and has not been shown to be of signif- 
icant therapeutic benefit. Likewise, effects of androgens on weight 
in. undernourished, debilitated, or elderly individuals are due pre- 
dominantly to enhancement of appetite. In appropriately controlled 
studies, no consistent effects on weight or strength have been docu- 
mented following treatment with androgen. These negative results 
are probably the consequence of several factors, including the de- 
pendence of anabolic effects on adequate nutrition and health, the 
paucity of effects of androgens in men with normal concentrations 
of testosterone, arid the temporary nature of any positive nitrogen 
balance when it does occur. In short, androgens are ineffective in pro- 
moting anabolism in acute illness, severe trauma, and protein deple- 
tion associated with chronic illness (see Wilson and Griffin, 1980). 
Androgens also are of little value in the management of nitrogen ac- 
cumulation in chronic renal failure; at best they induce a transient 
improvement in nitrogen balance that is of doubtful importance. In 
acute renal failure, androgens cause a decrease in the rate of pro- 
duction of urea and a consequent decrease in the frequency of dial- 
ysis required for some patients. Most patients in this clinical setting 
do well without androgen therapy. 

Athletic Performance. Androgens sometimes are used by ath- 
letes in the belief that athletic performance will be improved. Weight 
lifters.and body bunders began to use the drugs in the 1950s, and an- 
drogen abuse subsequently became widespread at all levels of ath- 
letic competition. Indeed, the problem continues to grow in magni- 
tude and has received a great deal of attention in the press as a 
consequence of the disqualification of athletes at competitions. Many 
athletes who abuse androgen?, including those who use veterinary 
drugs. not approved for human use, obtain them through the "steroid 
underground"; others obtain them through physicians* prescriptions. 
The fact that any abusers obtain androgens from physicians is par- 
ticularly worrisome, because many aspects of androgen abuse are 
poorly understood. 

Androgens do promote muscle growth in boys and in women of 
all ages, and this phenomenon is mediated by the androgen receptor. 
However, it is not known whether androgens have any beneficial ef- 
fects on muscle development, nitrogen balance, or athletic perfor- 
mance in sexually mature men. Appropriately controlled studies of 
the effects of androgens on strength and performance in conditioned 
athletes have yielded inconclusive results. If androgens do have a ben- 
eficial effect, it is not known how they work, since the androgen re- 
ceptors in mature men appear to be functionally saturated. Two pieces 
of evidence do suggest that massive doses of androgen may enhance 
muscle development in men. Namely, administration of pharmaco- 
logical amounts of testosterone enanthate causes an increase in lean 
body mass (Forbes et al, 1992) and an increase in whole-body pro- 
tein synthesis (Griggs et al, 1989). High doses of androgens may act 
at the level of the glucocorticoid receptor to inhibit the catabolic ef- 
fects of glucocorticoids (for review, see Wilson, 1988). 
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The question of the effect of androgens on athletic performance 
in men is not easy to resolve scientifically . for several reasons. 
(1.) The side effects of the drugs at doses taken by athletes are so pro- 
nounced as to preclude truly blinded studies of efficacy; (2) only a 
small subset of users may have a beneficial response, making it dif- 
ficult to identify the rare responder; arid (3) effects on athletic per- 
formance become more difficult to assess as the caliber of the ath- 
lete increases. For example, a 1% difference in power or speed might 
be : difficult, to document between groups but might make a signifi- 
cant difference in the performance of an individual athlete. Regard- 
less of the unresolved scientific issues, many athletes, coaches, and 
sports physicians believe that the agents do enhance athletic perfor- 
mance; as a consequence, the emphasis in organized sports has shifted 
from education to mandatory drug testing. 

The side effects of androgen abuse still are incompletely under- 
stood, in part because many of the agents that are use^J by athletes are 
either veterinary drugs or other unapproved derivatives for which hu- 
man safety data are incomplete. In addition, certain side effects such 
as peliosis hepatitis may occur only in occasional patients. Finally, ad- 
equate long-term toxicity studies have not been performed for any of 
the agents. As stated above, the side effects of androgens can be sep- 
arated into virilizing effects, feminizing effects, and toxic effects. All 
side effects are more common in women and children and hence pre- 
clude the use of androgens in these groups by all but a fanatic subset 
of women athletes. The feminizing and virilizing side effects in adult 
men are largely reversible, although jsome effects such as suppression 
of spermatogenesis may persist for months after the agents are dis- 
continued. Certain long-term toxic effects such as impairment of he- 
patic function and suppression of high-density lipoprotein concentra- 
tions are probably mitigated by the common pattern of mterrhittentiise 
of the agents. On balance, however, the side effects in men are suffi- 
ciently severe to preclude their use for this purpose on medical grounds. 
Stimulation of Erythropoiesis. The difference in the hematocrit be- 
tween men and women is the result of a stimulatory effect of testos- 
terone on the formation of erythropoietin. Castration of men results 
in a 10% decrease in the mass of red blood cells, a decrease in red- 
cell diameter, and an increase in osmotic fragility. Occasionally, the 
anemia may be severe. Administration of androgens to women in- 
creases erythropoiesis, and some women develop polycythemia dur- 
ing long-term administration of androgens, as in the treatment of car- 
cinoma of the breast (Shahidi, 1973). In women treated with 
pharmacological doses of testosterone, the average concentration of 
. hemoglobin increases by 43 g/liter and the hematocrit increases by 
0.11 (or 1 1%). The average increase in hemoglobin is about 10 g/liter 
in normal, men given pharmacological doses of testosterone esters, 
and red cell volume increases in proportion. Because of these effects, 
androgens , have been, used in the treatment of refractory anemias in 
both men and. women. The capacity to enhance erythropoiesis is 
shared by all active androgens. Some, erythropoietin is synthesized 
by tissues other than the kidney, and the presence of renal tissue is 
not an absolute requirement for stimulation of erythropoiesis by an- 
drogens. 

Androgen therapy also has been tried in the anemias associated 
with failure of the bone marrow, myelofibrosis, and renal failure. Oc- 
casional dramatic increases in hemoglobin occur following the ad- 
ministration of androgens to subjects with bone-marrow failure (Azen 
and Shahidi, 1977). In large numbers of unselected patients treated 
with androgens, approximately half appear to respond, particularly 
when the bone marrow is hypoplastic or myelofibrotic. In subjects 
with Fanconi's anemia, an autosomal recessive disorder associated 
with aplastic anemia, androgen therapy appears to increase life span 



by about 4 years (Alter, 1992). What is uncertain, however, is the 
frequency with which drug administration and therapeutic response 
are coincidental in subjects with acquired aplastic anemias, in which 
spontaneous remission can occur during the course of therapy 
(Branda et al, 1977; Camitta et al, 1979). Additional randomized 
prospective studies are required before the role of androgens in the 
routine management of aplastic anemia can be defined, but androgen 
therapy is reported to result in improved survival rates in aplastic 
anemias of diverse etiologies (Kaltwasser et al, 1988). When an ap- 
parent response occurs, the drug should be stopped temporarily to 
establish a cause-and-effect relationship between the drug and the 
apparent response. 

Androgens have a minor role in treatment of the anemia of re- 
nal failure, particularly because Of the availability of recombinant, 
human erythropoietin (see Chapter 53). Androgen-induced increases 
in concentrations of erythropoietin and hemoglobin are less marked 
in patients with renal failure than in normal subjects. In addition, the 
anemia of renal failure may undergo gradual improvement with time 
following the institution of dialysis and correction of other coexist- 
ing causes of anemia. Nevertheless, in most studies androgen ther- 
apy results in increases in hemoglobin (10 to 50 g/liter) and in red- 
blood-cell volume (325 to 350 ml), provided dialysis is adequate and 
stores of iron and folate are normal (yon Hartizsch et al, 1977). 
Whether or not the benefits of such treatment outweigh the potential 
adverse, effects is unclear, and there is conflicting evidence as to 
whether, or not androgen therapy is synergistic with erythropoietin in 
subjects with renal failure (Berns et al, 1992). 
Hereditary Angioneurotic Edema, In hereditary angioneurotic 
edema, ah autosomal dominant disorder, the plasma contains either 
a nonfunctional inhibitor of the first component of complement or 
decreased concentrations of the inhibitor. Thus, there is unopposed 
activation of the complement cascade, which leads to the generation 
of factors that enhance the permeability of vessels and cause attacks 
of angioedema. Several orally active 17a-alkylated steroids increase 
the activity of the inhibitor in plasma and restore the components of 

• the complement system that are depleted secondarily. Such therapy 
usually causes a complete disappearance of symptoms (Cicardi et al, 
1991). Steroids, such as danazol, that are weak androgens appear to 
be as effective as, or more effective than, potent androgens (see Table 
58-3). Furthermore, the response of men and women to such oral 
agents appears to be the same. 17a-Alkylated androgens (but not 

■' testosterone or testosterone esters) cause elevations of the concen- 
trations of several plasma glycoproteins that are synthesized in the 
liver! including some clotting factors and the inhibitor of the first 
component of complement. The beneficial effect of oral androgens 
in this disorder is thus likely the result of a side effect of 17a-alky- 
lated steroids on hepatic function rather than of androgen action per 
. se (Barbosa et al, 1971; Gralnick and Rick, 1983). Despite a sig- 
nificant incidence of adverse reactions, long-term dariazol therapy 
appears to be safe in this disorder (Zurlo and Frank, 1990). 
Short Stature. Androgens have been used for the management of 
growth retardation resulting from causes other than pituitary insuffi- 
ciency. Their administration prior to epiphyseal closure results in an 
enhancement of linear growth, and the mean advance of height age 
may be more striking than is skeletal maturation (see Wilson and 
Griffin, 1980). Such therapyT when given for short periods (6 months 
or less), Ijas no permanent effects on hypothalamicrpi.tuitary or go- 
nadal maturation. This- acceleration of growth may be the result of 
both an increase in plasma concentration of growth hormone and a 
direct effect of androgens themselves (Clayton et al, 1988). Whether or 
not such therapy has a beneficial effect on final adult height in any form 
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of short stature is not known. For example, treatment of subjects with 
45,X gonadal dysgenesis with oral androgens plus growth hormone 
has no more effect on final height than growth hormone alone (Rosen- 
feld et al, 1992). Piirmermore/adrriinistration of androgens to short 
children prior to the age of 9 years may actually have a deleterious 
effect on adult height (Bettmaft et al, 1971). Thus, a role for andro- 
gens in the management of any form of short stature other than pi- 
tuitary, dwarfism has not been established. 

Carcinoma of the Breast. Testosterone has a palliative effect in 
some women with carcinoma of the breast The mechanism is un- 
known, but the androgen may act as an antiestrpgen. The response 
rates are equivalent to those induced by high doses of estrogen (where 
an antiestrogenic mechanism also may be operative). No androgen 
is more efficacious than testosterone, and structural changes in the 
testosterone molecule that decrease its androgenicity also diminish 
its effectiveness in breast cancer. Since remission rates are higher 
with Conventional chemotherapy, androgens do not play a major role 
in the management of this disqrder {see Santen et al, 1990). 
Osteoporosis. Androgen therapy is effective in treatment of the os- 
teoporosis that complicates androgen deficiency; indeed, the response 
to hormonal replacement can be dramatic (Isaia et al, 1992). A role 
for androgens in the treatment of osteoporosis uhassociated with male 
hypogonadism has not been established. See Chapter 61 for more ex- 
tensive coverage of osteoporosis therapy. 

ANTIANDROGENS 

Compounds that block the synthesis or action of androgens might be 
useful in the management . of hyperplasia and carcinoma of the 
prostate, acne, male pattern baldness, virilizing syndromes in women, 
and precocious puberty in boys and in the inhibition of sex drive in 
men who are sex offenders. 

Inhibitors of Androgen Synthesis. The most effective inhibition 
of testosterone synthesis is either gonadotropin-releasing hormone 
(GriRH) itself or an agonist such as leuprolide or gonadorelin, When 
such agents are administered continuously, plasma concentrations of 
LH and testosterone decline so. that the net consequence is the in- 
duction of a pharmacological (and reversible) castration {see Chap- 
ter 55). Such therapy provides a medical alternative to castration for 
producing androgen deprivation in men with prostate cancer who can- 
not tolerate stilbestrol {see Santen, 1992). 

Antifungal agents of the imidazole class, such as ketoconazole 
and liawzole. have as a secondary effect the ability to block cytochrome 
P450 enzymes involved in steroid hormone biosynthesis (Peldman, 
1986). This secondary effect has been tumed.to therapeutic advantage 
to induce androgen deprivation in selected patients with prostate can- 
cer (Mahler et al t 1993). Gastrointestinal side effects, a short duration 
of action, and (with some agents) inhibition of the biosynthesis of 
adrenal glucocorticoids limit the usefulness of these agents. 

Spironolactone, an aldosterone antagonist (see Chapter 29), acts 
as a weak inhibitor of the binding of androgen to the androgen re- 
ceptor but primarily inhibits androgen biosynthesis; in some women 
with hirsutism* th£ drag decreases the growth rate and mean diame- 
ter of facial hair (Don^ngton-Ware et al, 1985). Because it has a ten- 
dency to cause metrorrhagia,, spironolactone commonly is given to- 
gether with an oral contraceptive (Heifer et al, 1988). In efficacy 
studies, spironolactone is less effective in improving hirsutism scores 
than flutamide (Cusan et al, 1994). 

5a-Reductase Inhibitors. Since the conversion of testosterone to 



dihydrotestosterone is essential for certain androgen actions, inhibi- 
tion of 5a-reductase should selectively block androgen action in those 
tissues (prostate, hair follicles) in which the continuing production 
of dihydrotestostenone is essential. The azasteroid finasteride {see 
Table 58-4) is an orally active, competitive inhibitor that preferen- 
tially blocks steroid So-reductase 2 but also inhibits enzyme 1 {see 
Rittmaster, 1994). The agent causes a profound decrease in the con- 
centration of dihydrotestosterone in plasma (Vermeulen et al, 1989) 
and in the prostate (McConnell et al, 1992) but does not cause a 
change in plasma testosterone or LH levels. 

In toen with prostatic hyperplasia, finasteride causes a consistent 
decrease in prostate size and, in a third of men treated with this agent, 
improvement in urine flow and symptomatology; it thus provides an 
alternative to surgery in men with moderate disease manifestations 
(Stoner, 1992). Finasteride is under trial for the treatment of male pat- 
tern baldness, and additional 5a-reductase inhibitors, including agents 
specific for steroid 5o>reductase 1, are under development. 

Androgen-Receptbr Antagonists. Several drugs are specific an- 
tagonists of the binding of androgen to its receptor. 
Cyproterone Acetate. Progesterone itself is a weak antiandrogen, 
and in the search for orally active progestogens, cyproterone acetate 
was found to be a potent androgen antagonist (Table 58-4). Cypro- 
terone acetate also possesses progestational activity and suppresses 
the secretion of gonadotropins (Neri, 1976; Neumann, 1982; Neu- 
mann and TSpert, 1986). The agent competes with dihydrotestosterone 
for binding to the androgen receptor (Brown et al, 1981); when given 
to pregnant animals, cyproterone acetate blocks the actions of andro- 
gen in the male fetus and hence induces a form of male pseudoher- 
maphroditism (Hamada et al, 1963). In the castrated animal, the an- 
tagonist, at a dose about five times that of testosterone, reduces the 
androgenic response by about 50%; with larger doses of cyproterone 
acetate, the antagonism is almost complete (Neumann et al, 1970). 

The adrninistration of 100 mg per day of cyproterone acetate to 
normal young men causes a 50% decrease in plasma concentrations 
of LH and FSH and a 75% decrease in plasma testosterone; the effects 
of the drug result both from inhibition of testosterone production and 
from interference with androgen action (Knuth et al, 1984). The agent 
has been used for the treatment of acne, male pattern baldness, hir- 
sutism, and virihzing syndromes {see Neri, 1976; Neumann, 1982; 
Neumann and Topert, 1986). It also has been tried in the treatment of 
precocious puberty (Kauli et al, 1976) and prostatic hyperplasia and 
carcinoma {see Namer, 1988) and to inhibit libido in men with severe 
deviations of sexual behavior (Laschet et al, ;1967). Although cypro- 
terone acetate is still under investigation, the agent has orphan-drug 
status in the United States for the treatment of severe hirsutism. 
Flutamide. Flutamide {see Table 58-4) is a nonsteroidal antian- 
drogen that is devoid of other hormonal activity; it probably acts af- 
ter conversion in vivo to 2-hydroxyflutamide, which is a potent com- 
petitive inhibitor of binding of dihydrotestosterone to the androgen 
receptor {see Neri, 1976). In the mature rat, the agent causes regres- 
sion of androgen target tissues such as the prostate and seminal vesi- 
cles, and, by blocking the inhibitory feedback of testosterone on LH 
production, results in a profound increase in plasma concentrations 
of LH and testosterone (Marchetti and Labrie, 1988). Similar effects 
have been observed in men treated with 750 mg of flutamide per day 
(Knuth et al, 1984). The predominant pituitary effect of flutamide 
appears to be enhancement of the frequency, of. pulses of LH secre- 
tion (Urban et al, 1988). Thus, while the drug is an effectixe an- 
tiandrogen in vitro, the rise in plasma testosterone serves to limit its 
antiandrogenic effects. As a consequence, flutamide is most useful 
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Table 58-4 

Some Androgen Receptor Antagonists arid 5a-Reductase Inhibitors 



NONPROPRIETARY 
NAME AND TRADE NAME 



CHEMICAL STRUCTURE 



Cyproterone Acetate 
androcur 



Flutamide 

EULEXIN 



Finasteride 

PROSCAR 




QCCH 3 



CH^CHCONH 
CH 3 




O ^-C-CHs 



DOSAGE AND 
INDICATIONS 



For severe hirsutisms; 
investigational 



Capsules; 
750 mg/day in combination 
With GnRH agonistic analogs; 
for metastatic prostatic 

"carcinoma 

Tablets; 
5 mg/day; for benign 
prostatic hyperplasia 



to inhibit the action of adrenal androgens in castrated men or in men 
receiving GnRH continuously (GnRH blockade) or in situations in 
which LH production is riot under predominant control by androgen 
(as in normal women). # 

The principal clinical application of flutamide to date is in the 
treatment of prostatic cancer, usually in conjunction with. GnRH 
blockade or estrogen (see Geller et aL 1988). Hutamide also has 
been used experimentally in combination with an oral contracep- 
tive for the treatment of hirsutism, in women isee Cusan et aL 
1994). If flutamide crosses the placenta, it would be expected to 
produce male pseudohermaphroditism, as is the case for cypro- 
terone acetate; hepatotoxicity, including progressive liver failure, 
limits its usefulness (Dankoff, 1992; Wysowski et aL, 1993). For 
the treatment of metastatic prostatic carcinoma, flutamide should 
be administered in conjunction with a GnRH antagonist such as 
leuprolide: 

Additional antiaridrogens such as nilutamide and casodex are 
under investigation. 

MALE CONTRACEPTIVES 

There are many requirements of the ideal contraceptive drug: sim- 
plicity, acceptability, reversibility, lack of toxicity, and, of course, ef- 
ficacy. Although all of these criteria have not been attained in the 



oral contraceptives for women, the agents discussed in Chapter 57 
come close/The lack of development of effective, safe contracep- 
tives for men is due principally to the fact that it is difficult to in- 
hibit spermatogenesis completely; men have fathered children even 
when sperm counts are lowered by 99% (to values of approximately 
1 million per rmlhliter) (see Diller and Herabree, 1977; Bialy and 
Patanelli, 1981; Reyes and Chavarria, 1981). 

A variety of compounds, in addition to the antiandrogens dis- 
cussed above, can inhibit spermatogenesis. They include antineo- 
plastic agents, cadmium, nitrpfUranes, af-chlorhydrin, and dinitro- 
pyrrole. However,; the irreversible effects of some and the toxicity of 
many preclude their clinical use; 

Gossypol, a phenolic" compound extracted from the cotton plant, 
reduces sperm density to less than 4 million/ml in 99.9% of men and 
impairs sperm motility, Normal sperm density is restored wi|hin sev- 
eral months of discontinuation of the drug (see Lawrence, 1981). Un- 
fortunately, administration of gossypol causes hypokalemia and 
weakness; diarrhea, edema, dyspnea, neuritis, and paralysis are ob- 
served after higher doses are taken. These effects also are seen in 
cottonseed poisoning. 

Gonadal steroids can suppress secretion of FSH and LH, which 
are required for spermatogenesis and the synthesis of testosterone by 
the testes {see Chapters 55 and 57). While estrogens and progestins 
are effective contraceptives in men, suppression of testosterone dc- 
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creases both libido and potency; gynecomastia also may occur. The 
injection of testosterone esters in supraphysiologic doses inhibits go- 
nadotropin secretion and spermatogenesis and is under trial as a con- 
traceptive regimen. 

Another approach to maje contraception has. involved the con- 
comitant administration of an androgen and progestin (Brenner et al, 
1975). The rationale for this combination was to enhance the sup- 
pression of gonadotropin^ secretion and spermatogenesis and to pre- 
vent alteration • of accessory sexual structures (Bremner and 
DeKretser* 1976). Unfortunately, not all subjects develop azoosper- 



mia, and sperm counts are suppressed only after several months of 
treatment. A similar period of time is required for the recovery of 
spermatogenesis when the drugs are stopped. 

Potent agonists and antagonists of GnRH can inhibit secretion 
of gonadotropins and can be administered together with testosterone; 
while this regimen does not result in uniform azoospermia, at least 
in some studies it does appear to cause consistent infertility (Pavlou 
et al, 1991). All the methods described above for contraception in 
the male remain investigational; 



For father discussion of diseases associated with altered testicular function, see Chapter 339 in Harrison's Principles of 
Internal Medicine, 13th ed., McGraw-Hill, New York, 1994. 
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ABSTRACT 

The present study aimed to identify selective androgen recep- 
tor modulators (SARMs) with in vivo pharmacological activity. 
We examined the in vitro and in vivo pharmacological activity of 
four chiral, nonsteroidal SARMs synthesized in our laboratories. 
In the in vitro assays, these compounds demonstrated moder- 
ate to high androgen receptor (AR) binding affinity, with K t 
values ranging from 4 to 37 nM, and three of the compounds 
efficaciously stimulated AR-mediated reporter gene expres- 
sion. The compounds were then administered subcutaneously 
to castrated rats to appraise their in vivo pharmacological ac- 
tivity. Androgenic activity was evaluated by the ability of these 
compounds to maintain the weights of prostate and seminal 
vesicle, whereas levator ani muscle weight was used as a 
measure of anabolic activity. The maximal response {E max ) and 
dose for half-maximal effect (ED 50 ) were determined for each 



compound and compared with that observed for testosterone 
propionate (TP). Compounds S-1 and S-4 demonstrated in vivo 
androgenic and anabolic activity, whereas compounds S-2 and 
S-3 did not. The activities of S-1 and S-4 were tissue-selective 
in that both compounds stimulated the anabolic organs more 
than the androgenic organs. These two compounds were less 
potent and efficacious than TP in androgenic activity, but their 
anabolic activity was similar to or greater than that of TP. 
Neither S-1 nor S-4 caused significant luteinizing hormone or 
follicle stimulating hormone suppression at doses near the 
ED 50 value. Thus, compounds S-1 and S-4 were identified as 
SARMs with potent and tissue-selective in vivo pharmacolog- 
ical activity, and represent the first members of a new class of 
SARMs with selective anabolic effects. 



Endogenous androgens play crucial physiological roles in 
establishing and maintaining the male phenotype (George 
and Wilson, 1986; Mooradian et al., 1987). Their actions are 
essential for the differentiation and growth of male reproduc- 
tive organs, initiation and regulation of spermatogenesis, 
and control of male sexual behavior. In addition, androgens 
are important for the development of male characteristics in 
certain extragenital structures such as muscle, bone, hair, 
larynx, skin, lipid tissue, and kidney (Takeda et al., 1990). In 
females, the precise physiological roles of androgens are not 
completely understood, but the age-related decline in circu- 
lating androgen levels has been linked to symptoms such as 
decreased libido and sexuality, lack of vigor, diminished well 
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being, and loss of bone mineral density in postmenopausal 
women (Davis and Burger, 1996; Davis, 1999a,b). 

Synthesized steroidal androgens, due to their ability to 
mimic the actions of their endogenous counterparts, have 
been used clinically as valuable therapeutic agents to target 
a variety of male and female disorders resulting from andro- 
gen deficiency. The principle clinical indication of androgens 
is as replacement therapy for hypogonadal men (Conway et 
al., 1988; Wu, 1992). Other documented clinical uses of an- 
drogens include delayed puberty in boys, anemias, primary 
osteoporosis, hereditary angioneurotic edema, endometriosis, 
estrogen receptor-positive breast cancer, and muscular dis- 
eases (Wu, 1992; Bagatell and Bremner, 1996; Nieschlag, 
1996; Bhasin and Tenover, 1997). Also, androgens have been 
investigated as hormone replacement therapy for aging men 
and for regulation of male fertility (Wu, 1992; Tenover, 1997). 

Since the discovery of the therapeutic benefits of testoster- 
one in the 1930s, a variety of androgen preparations have 
been introduced and tested clinically. Unfortunately, virtu- 



ABBREVIATIONS: AR, androgen receptor; SARM, selective androgen receptor modulator; TP, testosterone propionate; PEG 300, polyethylene 
glycol 300; FSH, follicle stimulating hormone; LH, luteinizing hormone; ANOVA, analysis of variance; DHT, dihydrotestosterone; AST-SGOT, serum 
glutamicoyaloacetic transominase; ALT-SGPT, serum glutamic pyruvic transaminase. __ 
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ally all currently available androgen preparations have se- 
vere limitations (Wu, 1992; Bhasin and Bremner, 1997). Un- 
modified testosterone is impractical for oral administration 
due to its low systematic bioavailability (Handelsman et al., 
1990). Testosterone esters (e.g., testosterone propionate and 
testosterone enanthate) are presently the most widely used 
testosterone preparations, usually administered by intra- 
muscular injection in oil vehicles (Snyder and Lawrence, 
1980; Velazquez and Bellabarba Arata, 1998). A prolonged 
duration of action is achievable with these esters. However, 
they produce highly variable testosterone levels. 17a-Alky- 
lated testosterones (e.g., methyltestosterone and oxan- 
drolone) can be given orally. Nevertheless, they often cause 
unacceptable hepatotoxicity and are less efficacious; hence, 
they are not recommended for long-term androgen therapy 
(Heywood et al., 1977; Ishak and Zimmerman, 1987; 
Velazquez and Bellabarba Arata, 1998). Another common 
concern about steroidal androgens is the undesirable effects 
resulting from the cross-reactivity of the androgens or their 
in vivo metabolites with steroid receptors other than the 
androgen receptor (AR) (Wilson et al., 1980; Bhasin and 
Bremner, 1997). 

During studies with affinity ligands for the AR, our group 
discovered a group of nonsteroidal androgens that are struc- 
tural derivatives of bicalutamide and hydroxyflutamide, two 
known antiandrogens (Dalton et al., 1998; Mukherjee et al., 
1999). Other laboratories have also reported the identifica- 
tion of nonsteroidal compounds that possess androgen activ- 
ity (Dalton et al., 1998; Hamann et al., 1999; Negro- Vilar, 
1999). The discovery of these nonsteroidal androgens offers 
an opportunity for the development of a new generation of 
selective androgen receptor modulators (SARMs) superior to 
current steroidal androgens. Theoretically, SARMs are ad- 
vantageous over their steroidal counterparts in that they can 
obtain better receptor selectivity and allow greater flexibility 
in structural modification. Thus, SARMs can potentially 
avoid the undesirable effects caused by receptor cross-reac- 
tivity and achieve superior pharmacokinetic properties. 

Subsequent to our initial discovery of several nonsteroidal 
androgens, our laboratories designed and synthesized multi- 
ple series of nonsteroidal compounds, and explored the struc- 
ture-activity relationships for androgenic and anabolic activ- 
ities, both in vitro and in vivo (He et al., 2002; Yin et al., 
2003a,b). According to results from these structure-activity 
relationship studies, we designed a group of novel nonsteroi- 
dal compounds (Fig. 1) that were structurally optimized. We 
report herein the results of our studies to examine the in 
vitro AR binding affinity and the androgenic and anabolic 
activities of these new compounds in an animal model. Two 
potent and tissue-selective SARMs were identified from 
these structurally similar compounds, and they are members 
of a promising new class of drug candidates for further de- 
velopment. 

Materials and Methods 

Materials. The S-isomers of compounds 1, 2, 3, and 4, and the 
/?-isomer of compound 1 were synthesized in our laboratories (syn- 
thetic procedures will be reported separately). The purities of these 
compounds were greater than 99%, as determined by high-perfor- 
mance liquid chromatography. Testosterone propionate (TP), poly- 
ethylene glycol 300 (PEG 300, reagent grade), and dimethyl sulfoxide 
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(reagent grade) were purchased from Sigma-Aldrich (St. Louis, MO). 
Ethyl alcohol USP was purchased from Aaper Alcohol and Chemical 
(Shelbyville, KY). Alzet osmotic pumps (model 2002) were purchased 
from Alza (Palo Alto, CA). 

In Vitro Pharmacological Activity. Cytosolic AR was prepared 
from ventral prostates of castrated male Sprague-Dawley rats (about 
250 g). The binding affinity of compounds 1, 2, 3, and 4 to the AR 
preparation was determined and analyzed as described previously 
(Mukherjee et al., 1996, 1999). The ability of the compounds to 
influence AR-mediated transcriptional activation was examined us- 
ing a cotransfection system, as described previously (Yin et al., 
2003a). Transcriptional activation was measured using a single con- 
centration (10 nM) of the indicated compound and reported as a 
percentage of the transcriptional activation observed for 1 nM DHT. 

Animals. Male Sprague-Dawley rats, weighing 90 to 100 g, were 
purchased from Harlan Bioproducts for Science (Indianapolis, IN). 
The animals were maintained on a 12-h light/dark cycle with food 
and water available ad libitum. The animal protocol was reviewed 
and approved by the Institutional Laboratory Animal Care and Use 
Committee of The Ohio State University. 

Study Design. Animals were randomly distributed into 30 
groups, with five rats per group. Treatment groups are described in 
Table 1. One day before the start of drug treatment, animals in 
groups 2 through 30 were surgically castrated. After 24 h of recovery, 
Alzet osmotic pumps (model 2002) prefilled with a designated solu- 
tion (Table 1) were implanted subcutaneously in the scapular region 
of castrated animals. Drug solutions used to fill the osmotic pumps 
were prepared using aseptic techniques. For solutions of nonsteroi- 
dal compounds and low-dose (0.1 mg/day or lower) solutions of TP, 
drugs were first dissolved in minimal amounts of ethanol and then 
diluted to final concentrations with PEG 300 (this vehicle is desig- 
nated as vehicle 1). Because higher doses of TP could not be com- 
pletely solubilized in the above-mentioned vehicle, TP solutions for 
0.3, 0.5, and 0.75 mg/day were prepared by dissolving the drug in a 
mixture of ethanol and dimethyl sulfoxide and adjusting with PEG 
300 to the desired final volume (this vehicle was designated as 

TABLE 1 

Animal groups and experimental design 
Group Castration Drug Dose No. of Animals 



mg/day 



1 


No 


None 


None 


5 


2 


Yes 


None 


Vehicle 1 only 


5 


3 


Yes 


Testosterone 


0.03 


5 


4 


Yes 


Testosterone 


0.05 


5 


5 


Yes 


Testosterone 


0.1 


5 


6 


Yes 


Testosterone 


0.3 


5 


7 


Yes 


Testosterone 


0.5 


5 


8 


Yes 


Testosterone 


0.75 


5 


9 


Yes 


R-l 


1.0 


5 


10 


Yes 


S-l 


0.1 


5 


11 


Yes 


S-l 


0.3 


5 


12 


Yes 


S-l 


0.5 


5 


13 


Yes 


S-l 


0.75 


5 


14 


Yes 


S-l 


1.0 


5 


15 


Yes 


S-2 


0.1 


5 


16 


Yes 


S-2 


0.3 


5 


17 


Yes 


S-2 


0.5 


5 


18 


Yes 


S-2 


0.75 


5 


19 


Yes 


S-2 


1.0 


5 


20 


Yes 


S-3 


0.1 


5 


21 


Yes 


S-3 


0.3 


5 


22 


Yes 


S-3 


0.5 


5 


23 


Yes 


S-3 


0.75 


5 


24 


Yes 


S-3 


1.0 


5 


25 


Yes 


S-4 


0.1 


5 


26 


Yes 


S-4 


0.3 


5 


27 


Yes 


S-4 


0.5 


5 


28 


Yes 


S-4 


0.75 


5 


29 


Yes 


S-4 


1.0 


5 


30 


Yes 


None 


Vehicle 2 only 


5 
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vehicle 2). Due to the limited solubility of TP, two osmotic pumps 
were used in each animal to deliver TP at 0.5 and 0.75 mg/day. One 
osmotic pump was used in each animal for other groups. 

After 14 days of drug treatment, rats were weighed, anesthetized, 
and sacrificed. Blood samples were collected by venipuncture of the 
abdominal aorta. For each animal, a whole blood sample and a serum 
sample were used for complete blood count and chemistry profile 
analyses, and a portion of the blood was centrifuged to prepare 
plasma. Plasma samples from selected groups were analyzed for 
FSH, LH, GH, AST-SGOT, ALT-SGPT, cholesterol, high-density li- 
poprotein, and triglyceride. Plasma samples for these analyses were 
collected from a separate group of animals in the case of the TP- 
treated groups, using dose rates of 0.1, 0.3, 0.5, 0.75, and 1 mg/day. 
The ventral prostates, seminal vesicles, levator ani muscle, liver, 
kidneys, spleen, lungs, and heart were removed; cleared of extrane- 
ous tissue; weighed; and placed in vials containing 10% neutral 
buffered formalin. Preserved tissues were subjected to histopatho- 
logical analysis. Osmotic pumps were removed from animals to check 
for correct pump operation. 

Data Analyses. The weights of all organs were normalized to 
body weight, and analyzed for any statistically significant differ- 
ences between groups using single-factor ANOVA with the a value 
set a priori at p < 0.05. The weights of prostates and seminal vesicles 
were used as indices for evaluation of androgenic activity, and the 
levator ani muscle weight was used to evaluate the anabolic activity. 
Statistical analyses of parameters from complete blood count or 
serum chemical profiling, wherever applicable, were performed by 
single-factor ANOVA with the a value set a priori at p < 0.05. For 
compounds demonstrating full-range dose-response relationships in 
any of the measured parameters, the maximal response produced by 
the compound (E miul ) and the dose rate that induced 50% of the 
maximal response (ED 50 ) were obtained by nonlinear regression 
analysis using WinNonlin (version 3.1; Pharsight Corporation, 
Mountain View, CA) and the sigmoid £ raax model. The E max value 
indicated the efficacy of each compound, whereas the ED 50 indicated 
its potency. The relative efficacy of each compound to TP was defined 
as the ratio of {E max of the compound) to (E m&x of TP). The relative 
potency was defined as the ratio of (ED 5G of TP) to (ED 50 of the 
compound). 



Results 

The in vitro AR binding of the i?-isomer of compound 1 
(designated as R-l) and the S-isomers of compounds 1, 2, 3, 
and 4 (designated as S-l, S-2, S-3, and S-4, respectively) was 
examined with a radioligand competitive binding assay. R-l 
demonstrated poor AR binding affinity (K { = 225 ± 15 nM), 
whereas S-l, S-2, S-3, and S-4 bound to the AR with moder- 
ate to high affinity, with K % values ranging from 4 to 37 nM 
(Fig. 1). Next, the ability of these compounds to stimulate 
AR-mediated transcription was determined in an in vitro 
cotransfection system. At a concentration of 10 nM, com- 
pounds S-3 and S-4 stimulated AR-mediated transcription to 
75 and 93%, respectively, of that observed for 1 nM DHT, 
whereas compounds S-l and S-2 demonstrated lesser stimu- 
lation (i.e., 43 and 9.7%, respectively). Given previous studies 
in our laboratories demonstrating that in vitro cotransfection 
models poorly predict in vivo pharmacological activity (Yin et 
al. T 2003a), we then examined the androgenic and anabolic 
activities of these nonsteroidal compounds in a castrated rat 
model after 14 days of drug administration. R-l was included 
as a negative control. TP, at increasing doses, was used as 
the positive control for anabolic and androgenic effects. 

In accordance with literature reports (Saksena and 
Chaudhury, 1970; Teutsch et al., 1994; Battmann et al., 




Name 

R-l 
S-1 
S-2 
S-3 
S-4 



Isomer 

R 

S 

s 
s 
s 



Ki (nM) Activation {% of 1 nM OHT 



F 

F 

OOCH 3 

COC 2 H 5 

NHCOCH3 



225 t 1 5 
6.1 ±0.2 
37 t 2.4 
6.1 ±0.1 
4.0 ±07 



N D. 
43 ±2.8 
9,7 ±1.5 
75 ± 11 
93 ± 7.0 



Fig. 1. Chemical structures and in vitro pharmacological activity of 
nonsteroidal AR ligands. Cytosolic AR was prepared from ventral pros- 
tates of castrated male Sprague-Dawley rats. The AR binding affinity was 
determined and analyzed as described previously (Mukherjee et al., 1996, 
1999). The ability of the compounds to influence AR-mediated transcrip- 
tional activation was examined using a cotransfection system, as de- 
scribed previously (Dalton et al., 1998). Transcriptional activation was 
measured using a single concentration (10 nM) of the indicated compound 
and reported as a percentage of the transcriptional activation observed 
for 1 nM DHT. 

1998), we observed significant decreases in the weights of 
prostate, seminal vesicles, and levator ani muscle in cas- 
trated, vehicle-treated rats (Figs. 2-5). The weights of the 
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Fig. 2. A, assay for androgenic and anabolic activity of TP in castrated 
immature rats. One day after castration, immature rats received 1 mg/ 
day of TP via Alzet osmotic pumps for 14 days. All weights were corrected 
for 100 g of body weight and were converted to the percentage of the 
weights in the intact control group. Values represent the mean ± stan- 
dard deviation (n = 5/group). The letters "I" and "C" above the error bars 
indicate a significant difference between the group and the intact control 
group or castrated control group, respectively, as tested by single-factor 
ANOVA (p < 0.05). B, dose-response relationships of TP. £ max and ED 50 
values for the levator ani (triangles), prostate (open circles), and seminal 
vesicles (diamonds) were obtained by nonlinear regression analysis. 
Curves were obtained by fitting the data into sigmoid E mnx model. 
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prostate, seminal vesicles, and levator ani muscle in cas- 
trated rats were 6.2, 8.1, and 40.9%, respectively, of those in 
intact animals. The reduction in masses of these androgen- 
targeted organs in castrated animals is the result of ablation 
of endogenous androgen production (Saksena and 
Chaudhury, 1970). Exogenous administration of TP, an an- 
drogenic and anabolic steroid, increased weights of the pros- 
tate, seminal vesicles, and levator ani muscle in castrated 
rats (Fig. 2). The increases in organ weights induced by TP 
were dose rate-dependent. 

Figure 3 shows that compound S-l had no significant effect 
on prostate, seminal vesicles, and levator ani muscle in cas- 
trated animals at 0.1 and 0.3 mg/day, but significantly stim- 
ulated the growth of these organs at higher doses. The 
weights of prostate, seminal vesicles, and levator ani muscle 
were maximally restored by S-l to 14.9, 13.4, and 74.3%, 
respectively, of those in intact animals. The ED 50 values of 
S-l in prostate, seminal vesicle, and levator ani muscle, as 
obtained by nonlinear regression analysis of dose-response 
relationships, were 0.42 ± 0.04, 0.38 ± 0.26, and 0.44 ± 0.01 
mg/day, respectively (Fig. 3B; Table 2), corresponding to 1.63, 
1.47, and 1.70 mg/kg, respectively, based on the mean body 
weight of S-l-treated animals at the end of the study. The 
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Fig. 3, A, assay for androgenic and anabolic activity of S-l in castrated 
immature rats. One day after castration, immature rats received the 
indicated dose rates of S-l via Alzet osmotic pumps for 14 days. All 
weights were corrected for 100 g of body weight and were converted to the 
percentage of the weights in the intact control group. Values represent 
the mean ± standard deviation (n = 5/group). The letters T\ "C", and T 
above the error bars indicate a significant difference between the group 
and the intact control group, castrated control group, or corresponding TP 
group, respectively, as tested by single-factor ANOVA ip < 0.05); B, 
dose-response relationships of S-l. E maK and ED so values for the levator 
ani (triangles), prostate (open circles), and seminal vesicles (diamonds) 
were obtained by nonlinear regression analysis. Curves were obtained by 
fitting the data into sigmoid E max model. 



elevations in organ weights by S-l demonstrated its andro- 
genic and anabolic activities in animals. In comparison to TP, 
corresponding dose rates of S-l induced significantly smaller 
increases in the weight of the prostate and seminal vesicles 
but a similar degree of increase in levator ani muscle weight 
(compare Fig. 2A with 3A). This result denoted the tissue 
selective androgenic and anabolic activity of S-l in rats. The 
selectivity was also demonstrated by its relative efficacy com- 
pared with TP (Table 2). The relative efficacy in maintaining 
levator ani muscle weight was 0.72, much higher than the 
relative efficacies in maintaining prostate and seminal vesi- 
cle weights, which were less than 0.20. 

Despite their high AR binding affinity, compounds S-2 and 
S-3 failed to exert any significant effect on the weights of 
prostate, seminal vesicles, and levator ani muscle in cas- 
trated animals, with dose rates up to 1 mg/day (Fig. 4). This 
suggests that rapid metabolism or clearance of these com- 
pounds led to lower plasma concentrations of these drugs, 
and thus no pharmacological activity. Likewise, compound 
R-l (the stereoisomer of S-l), at 1 mg/day, produced no ap- 
parent effect on the weights of prostate, seminal vesicles, and 
levator ani muscle in castrated animals, demonstrating the 
stereoselective pharmacological action of these compounds. 

Compound S-4 (Fig. 5) caused dose-dependent stimulation 
of growth in prostate, seminal vesicles, and levator ani mus- 
cle, with their weights in castrated animals being maximally 
promoted to 33.8, 28.2, and 101% of intact controls, respec- 
tively. Nonlinear regression analysis of dose-response rela- 
tionships showed that the ED 50 values of S-4 were 0.43 ± 
0.01, 0.55 ± 0.02, and 0.14 ± Q.01 mg/day in prostate, sem- 
inal vesicles, and levator ani muscle, respectively (Fig. 5B; 
Table 2), corresponding to 1.62, 2.07, and 0.53 mg/kg, respec- 
tively, based on the mean body weight of S-4-treated animals 
at the end of the study. These results clearly revealed the 
androgenic and anabolic activities of S-4 in animals. In par- 
ticular, S-4 exhibited potent and efficacious anabolic activity, 
as indicated by its ability to fully maintain the levator ani 
muscle weight in castrated animals at the same level as 
intact controls, at a dose rate as low as 0.3 mg/day (Fig. 5 A). 
The relative potency and efficacy of S-4 in androgenic tissues 
were less than 0.3 and 0.4, respectively, compared with 1 for 
TP, whereas its relative potency and efficacy in the levator 
ani muscle was 1.07 and 0.97, respectively, compared with 1 
for TP (Table 2). 

Table 2 compares the androgenic and anabolic activities of 
S-l and S-4, two compounds that exhibited in vivo functional 
activity in the present study, with those of TP. The efficacy 
for androgenic activity of S-4 (as indicated by relative effica- 
cies in prostate and seminal vesicle) was about twice that of 
S-l, but the potency for androgenic activity (as indicated by 
relative potencies in prostate and seminal vesicle) was sim- 
ilar between these two compounds. As to anabolic activity, 
S-4 displayed much higher efficacy (as indicated by relative 
efficacy in levator ani muscle) and 2-fold greater potency (as 
indicated by relative potency in levator ani muscle) than S-l. 
These results suggest the greater selectivity of S-4 toward 
the anabolic target organ. 

We also determined the serum levels of LH and FSH in 
animals that received S-l and S-4, and compared them with 
the levels of these hormones observed in the intact, castrated, 
or TP-treated animals. As shown in Table 3, castration led to 
a significant elevation in FSH and LH levels, compared with 
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TABLE 2 

Comparison of androgenic and anabolic activities of S-l and S-4 to TP 



Organs 



Treatment 



?ins« (Percentage of 
Intact Control) 



Relative Efficacy 



ED 5 , 



Relative Potency 



Androgenic 
Prostate 



Seminal vesicle 



Anabolic 

Levator ani muscle 



TP 


120.6 ± 13.4 


1.00 


S-l 


14.5 ± 0.7 


0.12 


S-4 


35.2 ± 0.4 


0.29 


TP 


70.0 ± 18.8 


1.00 


S-l 


12.7 ± 3.1 


0.18 


S-4 


28.5 ± 0.8 


0.40 


TP 


104.2 ± 10.1 


1.00 


S-l 


74.9 ± 0.4 


0.72 


S-4 


101.0 ± 1.0 


0.97 



mglday 

0.13 ± 0.03 
0.42 ± 0.04 
0.43 ± 0.01 
0.12 ± 0.02 
0.38 ± 0.26 
0.55 ± 0.02 

0.15 ± 0.03 
0.44 ± 0.01 
0.14 ± 0.01 



1.00 
0.31 
0.30 
1.00 
0.32 
0.22 

1.00 
0.34 
1.07 
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Fig. 4. Assay for androgenic and anabolic activity of S-2, S-3, and R-l in 
castrated immature rats. One day after castration, immature rats re- 
ceived the indicated dose rates of S-2, S-3, or R-l via Alzet osmotic pumps 
for 14 days. All weights were corrected for 100 g of body weight and were 
converted to the percentage of the weights in the intact control group. 
Values represent the mean ± standard deviation (n - 5/group). The 
letters "V, "C", and T" above the error bars indicate a significant differ- 
ence between the group and the intact control group, castrated control 
group, or corresponding TP group, respectively, as tested by single-factor 
ANOVA (p < 0.05). 

intact animals. TP showed no dose-dependent effect on cas- 
tration-induced change in FSH, but partially inhibited the 
castration-induced increase in LH levels at higher doses. The 
activities of S-4 on LH and FSH were similar to those pro- 
duced by TP. S-l and S-4 partially suppressed LH production 
at dose rates of 0.5 mg/day or higher. However, it is impor- 
tant to note that S-l and S-4 did not suppress LH production 
at the dose levels needed to produce the desired pharmaco- 
logical effects in the levator ani muscle or prostate. Interest- 
ingly, S-l also partially suppressed FSH production at dose 
rates of 0.5 mg/day or higher. The FSH suppression noted at 
higher doses of S-l suggested that this compound might 
interact with other steroid receptors, most probably proges- 
terone receptors, in addition to the AR. Although statistically 
significant differences were noted in some instances, GH, 
AST-SGOT, ALT-SGPT, and serum lipids (including choles- 
terol, high-density liprotein, and triglyceride) were all within 
normal ranges for drug-treated animals. No drug- or dose- 
related changes in these indices were observed. 

We also examined the effects of all compounds on total 
body weight and the weights of a variety of nonre productive 
organs, including liver, heart, kidney, spleen, and lungs of 
treated animals. None of the compounds led to a dose-related 
change in these weights (data not shown). To further check 
for any signs of acute toxicity in animals from the studied 
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Fig. 5. A, assay for androgenic and anabolic activity of S-4 in castrated 
immature rats. One day after castration, immature rats received the 
indicated dose rates of 5-4 via Alzet osmotic pumps for 14 days. All 
weights were corrected for 100 g of body weight and were converted to the 
percentage of the weights in the intact control group. Values represent 
the mean ± standard deviation (n = 5/group). The letters *T\ "C*\ and T 
above the error bars indicate a significant difference between the group 
and the intact control group, castrated control group, or corresponding TP 
group, respectively, as tested by single-factor ANOVA (p < 0.05). B, 
dose-response relationships of S-4. E mM and ED 50 values for the levator 
ani (triangles), prostate (open circles), and seminal vesicles (diamonds) 
were obtained by nonlinear regression analysis. Curves were obtained by 
fitting the data into sigmoid E max model. 

compounds, complete diagnostic hematology studies of com- 
pound-treated animals were also performed. No drug- or 
dose-related changes were observed in any of the hematology 
diagnostic indices. These data suggest that all compounds 
manifested no acute toxicity during treatment. 

Discussion 

With in vitro AR binding and transcription activation as- 
says, our laboratories previously identified a group of potent 




TABLE 3 

Effects of S-l and S-4 on serum LH and FSH levels 



FSH LH 





nglml 


nglml 


Nnrmal Rancfp 


5.6-20 


0.15-0.7 


Trpfltmont 

A I \s CL IrllH^ 1 11/ 






None (intact) 


7.1 ± 1.2 


0.27 ± 0.08 


None (castrated) 


30 ± 3 1 


5 ± 2' 


TP (mff/dav) 






0.1 


26 ± 6 1 


4 ± 4 1 


0.3 


23 ± 6 1 


2 ± l 1 c 


0.5 


30 ± 7' 


5 ± 2 1 


0.75 


22 ± 5 1 ° 


1.4 ± 0.7 I C 


1.0 


24 ± 8 1 


2 ± 1 I,C 


S-l (mg/day) 






0.1 


28 ± 7 1 


5 ± 2 1 


0.3 


27 ± 5 1 


3 ± l 1 


0.5 


22 ± 3 IC 


1.7 ± 0.3 1CT 


0.75 


20 ± 5 , c 


1.0 ± 0.7° 


1 


23 ± 3 I C 


1.6 ± 0.7 IC 


S-4 (mg/day) 






0.1 


27 ± 5 1 


4± 1 ! 


0.3 


26 ± I 1 


3.7 ± 0.9 T 


0.5 


26 ± 8 1 


2.4 ± 0.9 IC 


0.75 


31 ± 5 I T 


3 ± l l 


34 ±5 I - T 


2.4 ± 0.4 IC 





I, C, and T: significantly different (p < 0.05) from intact, castrated, and corre- 
sponding dose rate of TP-treated animals, respectively, as analyzed by single-factor 
ANOVA. 



and efficacious nonsteroidal androgens that are structurally 
related to antiandrogen pharmacophores (Yin et al., 2003a). 
However, in vivo studies in a rat model with one of these 
nonsteroidal androgens, acetothiolutamide, failed to show 
androgenic activity (Yin et al., 2003b). Subsequent pharma- 
cokinetic and metabolism studies in rats demonstrated that 
the lack of in vivo androgenic activity of acetothiolutamide in 
the pharmacology study was caused by its insufficient 
plasma exposure, which in turn resulted from its extensive 
hepatic degradation. Also, we found that oxidation at the 
sulfur linkage position was one major metabolic pathway for 
acetothiolutamide in rats, and that this oxidation likely pro- 
duced deactivated or even antagonizing metabolites (Yin et 
al., 2003b). Considering these facts, we proposed to modify 
the linkage sulfur atom to block the oxidation at this position, 
thereby reducing the overall hepatic metabolism. As a result, 
a series of novel molecules that carry an ether linkage in- 
stead of a thio linkage in the structure were designed and 
synthesized. The present studies demonstrated that two of 
these ether-bearing molecules, S-l and S-4, were androgen 
receptor modulators with tissue-selective activity in animals. 

Despite structural similarities, this series of ether-carry- 
ing compounds exhibited diverse in vitro and in vivo activity 
profiles. The S-isomers of compounds 1, 2, 3, and 4 displayed 
moderate to high binding affinity for the AR, whereas the 
^-isomer of compound 1 had poor receptor binding. This 
finding was consistent with our previous observation regard- 
ing the stereoselective AR binding of nonsteroidal ligands 
(Mukherjee et al., 1996, 1999). Compounds S-l, S-3, and S-4 
were further characterized as AR agonists with the in vitro 
cotransfection assay. The failure of S-2, a moderate AR 
binder, to stimulate AR-mediated gene transcription con- 
firmed our previous finding that high receptor binding affin- 
ity is a prerequisite for agonist activity (Yin et al., 2003a). 
When tested in the castrated rat model, S-l and S-4 demon- 
strated potent in vivo functional activity, and compounds S-2 
and S-3 were inactive. Specifically, S-4 produced the greatest 
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androgenic and anabolic activity in animals, with anabolic 
activity greater than that of TP. S-l had a similar degree of 
anabolic activity as TP, but had much less androgenic activ- 
ity. Interestingly, the ED 5G values for S-l in prostate, semi- 
nal vesicle, and levator ani muscle were approximately the 
same (i.e., about 0.4 mg/day), whereas S-4 demonstrated 
more than 2-fold greater potency in levator ani muscle com- 
pared with prostate and seminal vesicle, as indicated by the 
ED 5Q values (Table 2). The distinction in functional activities 
in vivo among the four structurally related compounds could 
be caused by difference in any of numerous factors, including 
intrinsic activity, in vivo disposition and metabolism, or in- 
tracellular signaling pathway. Further studies to explore the 
physicochemical, physiological, and cellular/molecular deter- 
minants for nonsteroidal androgenic and anabolic activity 
will lead to insights into the mechanism of action of these 
nonsteroidal agents, and thereby provide a basis for future 
structural optimization. 

The in vitro cotransfection assay is generally regarded as a 
valuable tool for screening of nonsteroidal AR ligands. With 
this assay, compounds S-l, S-3, and S-4 were successfully 
identified as potential AR agonists. However, as demon- 
strated in the animal study, S-3 did not show any measurable 
in vivo functional activity. Thus, the observation of in vitro 
agonist activity in the cotransfection assay can be but is not 
always predictive of in vivo activity. The pharmacological 
activity in vivo is determined not only by the ability of the 
compound to interact with the receptor, but also limited by 
complicated factors governing the accessibility of the com- 
pound to the effect site, such as disposition and metabolism. 
To fully predict the in vivo behavior and understand the 
structure-activity relationships, it is necessary to perform 
further studies examining the pharmacokinetics and metab- 
olism of the compound. As a result of these and other studies, 
we abandoned use of the in vitro cotransfection assay in favor 
of in vivo pharmacologic assessment for discovery of SARMs. 

The tissue-selective anabolic activity exhibited by S-l and 
S-4 validated the feasibility of developing SARMs as a new 
generation of androgens. The possible mechanisms underly- 
ing the tissue-selectivity of these agents could be tissue- 
specific recruitment of cofactors/corepressors during the AR 
signaling pathway, or very likely for our nonsteroidal li- 
gands, their distinct in vivo disposition from testosterone and 
its ester derivatives. The effects of testosterone in certain 
tissues, including most accessory reproductive organs and 
skin, are amplified through local conversion to DHT, the 
more potent bioactive form, by 5a-reductase (Mooradian et 
al., 1987). Nevertheless, testosterone exerts direct effects in 
the testis, skeletal muscles, and bone (Mukherjee et al., 
1996). For nonsteroidal ligands, their actions in accessory 
reproductive organs such as prostate would not be amplified 
as they are for testosterone; therefore, such a nonsteroidal 
androgen with equivalent activity to testosterone on bone 
and muscle would likely have less activity on prostate or 
other accessory reproductive organs than testosterone. 

Compounds S-l and S-4 are the first nonsteroidal andro- 
gens with in vivo functional activity among our series of 
compounds. More significantly, the discovery of these two in 
vivo functional drug candidates represents a major progress 
toward the development of therapeutically useful SARMs. 
SARMs, like the clinically available selective estrogen recep- 
tor modulators, would offer unique therapeutic advantages 
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over their steroidal counterparts. The tissue selectivity of 
these agents offers an exciting opportunity to differentially 
regulate the androgen effects in various target tissues, thus 
minimizing the interference to normal physiological pro- 
cesses while targeting desirable therapeutic goals. For exam- 
ple, SARMs with potent anabolic activity but minimal andro- 
genic activity would be ideal for the treatment of patients 
who bear muscular diseases (such as sarcopenia or trauma- 
induced muscle wasting) but are contraindicated for andro- 
genic stimuli (such as for aging population or prostate cancer 
patients). In perspective, not only could SARMs be used as 
superior alternatives to current steroidal androgens in ther- 
apy of male hypogonadism but also they could expand the 
scope of androgen therapy to include wasting syndromes, 
aging-related disorders due to declined androgen levels, male 
fertility regulation, and other androgen deficiency-related 
diseases. 

In summary, the present studies examined the in vitro and 
in vivo activity profiles of a series of novel nonsteroidal AR 
ligands, among which two were identified as in vivo func- 
tional androgens with selective anabolic activity. These 
SARMs, with many advantages over current steroidal andro- 
gen preparations, implicate potential therapeutic signifi- 
cance in a scope of androgen-deficiency related disorders. 
Continued studies in our laboratories will focus on preclinical 
and clinical development of identified SARMs and further 
optimization of chemical structures based on understanding 
the mechanisms underlying nonsteroidal androgenic and an- 
abolic activities. 
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Abstract 

Systemic treatment is required in patients with moder- 
ate-to-severe acne, especially when acne scars start to 
occur. Antibiotics with anti-inflammatory properties, 
such as tetracyclines (oxytetracycline, tetracycline chlo- 
ride, doxycycline, minocycline and limecycline) and 
macrolide antibiotics (erythromycin and azithromycin) 
are the agents of choice for papulopustular acne, even 
though the emerging resistant bacterial strains are min- 
imizing their effect, especially regarding erythromycin. 
Systemic antibiotics should be administered during a 
period of 8-12 weeks. In severe papulopustular and in 
nodulocystic/conglobate acne, oral isotretinoin is the 
treatment of choice. Hormonal treatment represents an 
alternative regimen in female acne, whereas it is manda- 
tory in resistant, severe pubertal or post-adolescent 
forms of the disease. Compounds with anti-androgenic 
properties include estrogens combined with progestins, 
such as ethinyl estradiol with cyproterone acetate, chlor- 
madinone acetate, desogestrel, drospirenone, levono- 
gestrel, norethindrone acetate, norgestimate, and other 
anti-androgens directly blocking the androgen receptor 
(flutamide) or inhibiting androgen activity at various lev- 
els, corticosteroids, spironolactone, cimetidine. and ke- 
toconazole. After 3 months of treatment control of 



seborrhea and acne can be obtained. Low-dose cortico- 
steroids (prednisone, prednisolone, or dexamethasone) 
are indicated in patients with adrenal hyperandrogenism 
or acne fulminans. New developments and future trends 
represent low-dose long-term isotretinoin regimens, 
new isotretinoin formulations (micronized isotretinoin), 
isotretinoin metabolites, combination treatments to re- 
duce toxicity, insulin-sensitizing agents, Sa-reductase 
type 1 inhibitors, antisense oligonucleotide molecules, 
and, especially, new anti-inflammatory agents, such as 
lipoxygenase inhibitors. 

Copyright © 2003 S. Karger AG. Basel 



Acne is a disorder of the pilosebaceous units located on 
the face, chest and back. It is an almost universal disease, 
occurring in all races, predominantly among adolescents 
[1-4]. Epidemiological studies have shown that about 70- 
87% of the adolescents experience acne lesions [5, 6]. The 
disease exhibits a peak incidence at 15-18 years of age. 
Spontaneous regression occurs in the majority of the 
patients after puberty, but in 10% of them acne persists 
over the age of 25 years and can last up to the 4th decade of 
life, and even up to the 6th decade of life in some cases. 

As many as 15-30% of patients with acne need medi- 
cal treatment because of the severity and/or persistence of 
their disease. In the years 1996-1998, more than 6 million 
visits per year to office-based physicians with acne as the 
principal reason have been registered in the USA; the 
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Table 1. Simplified acne severity grading for the therapeutic decision 


Severity 
grade 


Comedones 


Papules/ 
pustules 


Small nodules, 
cysts, fistules 


Nodules 


1 n 1 1 alTimd-i iu n 


Scar 

formation 


Mild 

Moderate 
Severe 
Very severe 


few 

numerous 
numerous 
fistule-comcdoncs 


0 or few 
few to many 
very numerous 
very numerous 


0 

0 or few 

many 

many 


0 
0 

0 or few 
few to many, 
deeply located 


0 

marked 
strong 
very strong 


0 
0 

present 
present 



patients received 6.5 million new prescriptions per year 
for systemic anti-acne drugs (antibiotics or isotretinoin) 
with a total cost likely to exceed USD 1 billion [7]. The 
different age ranges and the varying clinical pictures 
require better knowledge of the pathogenesis of the dis- 
ease and clinical experience for its treatment [1-5, 8], 
especially since misconceptions regarding factors that ex- 
acerbate acne vulgaris not only exist in the community 
but have also been registered in last year medical students 
in an Australian study [9]. Several factors contribute to 
the pathogenesis of acne, among them increased seba- 
ceous gland activity with hyperseborrhea [10], abnormal 
follicular differentiation and increased cornification [11], 
bacterial hypercolonization [12] as well as inflammation 
and immunological host reaction [ 1 3] are considered to be 
the major ones. Each of these factors provides a potential 
target for treatment. Genetic investigations have pro- 
vided ambiguous proof for hereditary factors [14]; irregu- 
larities of the menstrual cycle, pregnancy, etc., have some 
influence on the acne course in females, and nutritional 
factors are accused to modify acne in some patients. 
Weather including ultraviolet light and other environ- 
mental factors may occasionally play a role. Several drugs 
can induce acne or acneiform lesions [3]. Psychological 
factors and stress have still no proven influence on the 
pathogenesis of acne but are often involved in its course. 
Recently, neuropeptides were reported to regulate the 
activity of the pilosebaceous unit [15, 16]. At last, acnei- 
form eruptions can complicate the diagnosis. 

Treatment of Acne: General Considerations 

The exact classification and grading of acne is a funda- 
mental requirement for the decision of the therapeutic 
regimen [1-4, 17-19]. In addition, acne at puberty needs 
subsequent prophylactic medication and care over several 
years after clinical healing. Infantile and pediatric acne, 



androgenization signs in female patients with acne tarda 
[20, 2 1 ] or patients with signs of acne in versa may necessi- 
tate an alternative treatment. The compliance of the 
patient is an additional important parameter for the ther- 
apeutic strategy to be considered and its success. Skin type 
(dark skin tends to postinflammatory hyperpigmentation) 
and, especially, the tendency for scar formation play a role 
in the selection of treatment [22]. Two to 7% of the 
patients with acne experience a severe course associated 
with considerable scarring. A severe course associated 
with the presence of potential generators of physical and 
psychotic scars may require a therapeutic regimen based 
on systemic drugs [3, 18] (table 1). 



Therapeutic Targets and Acne Drugs 

Several clinical observations point to the importance 
of androgens in acne [23]. Androgens play an essential 
role in stimulating sebum production; androgen-insensi- 
tive subjects who lack functional androgen receptors do 
not produce sebum and do not develop acne. Moreover, 
systemic administration of testosterone and dehydro- 
epiandrosterone increases the size and secretion of seba- 
ceous glands [24-27]. Sebosuppression, i.e. suppression of 
sebaceous gland hyperactivity, can classically be achieved 
by systemic administration of anti-androgens or isotreti- 
noin [19, 24-26, 28, 29] (table 2). 

Abnormal keratinization of the infundibulum and the 
distal part of the sebaceous duct can be directly influenced 
through topical and systemic retinoids as well as through 
topical application of azelaic acid [30]. A number of fur- 
ther drugs can also secondarily induce keratolysis over 
their influence on other pathogenic factors [31]. Benzoyl 
peroxide and topical and systemic antibiotics primarily 
exhibit antimicrobial, but also anti-inflammatory activi- 
ties [32, 33]. Various agents administered in acne treat- 
ment exhibit direct or indirect anti-inflammatory activi- 
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Table 2. Different action profile of 
systemic anti-acne drugs on the four major 
pathogenic factors of acne 





Follicular Seborrhea 


Bacterial 


Inflammation 




hyperkeratosis 


hypercolonization 




Antiandrogens(s) 


_ ++ 






Isotretinoin(s) 


++ +++ 


(+) 


++ 


Tetracyclines(s) 




++ 


+ 


+++ = Very strong, 


++ = strong, + = moderate, + 


= indirect/weak. 





ties in addition to their effects on further pathogenic fac- 
tors of acne. However, solely anti-inflammatory agents 
have rarely been administered [13]. 

Bacterial hypercolonization is not involved at the on- 
set of acne, but it plays a role in the maintenance of the 
disease [2, 3, 8]. Propionibacterium acnes (P. acnes), an 
anaerobic bacterium, is a normal constituent of the cuta- 
neous flora; however, it is virtually absent in the skin 
before puberty. Sebaceous follicles turning to microcome- 
dones provide an anaerobic, lipid-rich environment for 
optimum bacterial proliferation. P. acnes produces li- 
pases which can split triglycerides into free fatty acids. 
The latter can irritate the follicular cells and may cause 
hyperproliferation and/or inflammation. Topical or sys- 
temic antibiotics administered successfully in acne pa- 
tients exhibit a suppressive effect on P. acnes proliferation 
but also directly suppress inflammation by decreasing 
neutrophil chemotaxis and down-regulating the expres- 
sion of pro-inflammatory mediators and the production 
of chemotactic factors [34]. The unique environment of 
the pilosebaceous follicle makes lipophilic compounds 
clinically more active than hydrophilic ones [35]. 

Inflammation in acne has been considered as secondary 
to bacterial hypercolonization and, consequently, neither 
has it been carefully investigated nor become the target of 
treatment. The major hypothesis was that early during 
development of acne lesions neutrophils accumulate 
around and in the follicles through chemoattractive sub- 
stances which may originate from P. acnes [1-4]. Hydrolyt- 
ic enzymes and reactive oxygen species released by neutro- 
phils promote tissue damage, facilitating the occurrence of 
debris within the lumen. The latter is considered to trigger 
the inflammatory cascade [36]. This hypothesis has gained 
support because several anti-acne drugs have been shown 
to inhibit the generation or activity of chemotactic factors 
or the release of reactive oxygen species [37]. In addition, 
linoleic acid, which is deficient in acne comedones, inhibits 
neutrophil oxygen metabolism and phagocytosis. 



Table 3. Indications for oral antibiotic therapy in acne 



Patients with moderate to severe acne 

Patients for whom topical antibiotic therapy has failed or cannot be 
tolerated 

Patients with moderate acne with tendency for scarring or 
substantial post-inflammatory hyperpigmentation 

Patients with involvement of the shoulders, back or chest 
(difficult for topical application) 



Systemic Treatment 

Oral Antibiotics 

Oral antibiotics are indicated for several groups of 
patients with inflammatory acne (table 3) [33, 38]. They 
include tetracyclines (tetracyclines, doxycycline, minocy- 
cline), erythromycin, clindamycin, and cotrimoxazole (ta- 
ble 4). These agents improve inflammatory acne by inhib- 
iting the growth of P. acnes; tetracyclines and erythromy- 
cin have additional anti-inflammatory properties. 

Tetracyclines of the first generation (tetracycline, oxy- 
tetracycline and tetracycline chloride) are the most com- 
monly prescribed oral antibiotics for acne. They are used 
as a first-line agent because of their efficacy and low cost, 
although they have generated high rates of bacterial resis- 
tance. A 6-week treatment decreases the number of in- 
flammatory lesions by approximately 50%. They are 
usually administered at a dose of 1 g/day (500 mg twice 
daily) over several months and after marked clinical 
improvement the dose can be reduced to 500 mg/day. 
Because their absorption is inhibited in the presence of 
food and dairy products, the drug must be taken prefera- 
bly on an empty stomach one hour before meals with 
water for an optimal absorption. 

Alternatively, tetracyclines of the second generation, 
namely doxycycline (initial dose of 100-200 mg/day with 
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Fig. 1. Mild acne papulopustulosa in a 24- 
ycar-old male patient before (left) and after a 
6-month treatment with doxycyclinc 2 x 
100 mg/day and topical tretinoin 0.1% 
(right). 




Table 4. Oral antibiotics used in acne 
treatment 



Antibiotic 


Usual dose 


Comments 


Tetracycline 


250-500 mg x 2/day 


low cost 




decreased absorption in presence of foods 






and dairy products 


Doxycycline 


100 mg x 2/day 


may be taken with meals 


Minocycline 


50-100 mg x 2/day 


expensive 




may be taken with meals 






safety problems 


Erythromycin 


500 mg x 2/day 


common emergence of resistant P. acnes 






strains 


Clindamycin 


300 mg X 3/day 


safety problems after long-term use 


Cotrimoxazole 


1 60/800 mg x 2/day 


second-line therapy in acne 



50 mg/day as maintenance dose) (fig. 1) and minocycline 
(usually 100 mg/day; 50 mg twice daily or 100 mg once 
daily) are more expensive but also more lipid soluble and 
better absorbed from the gastrointestinal tract. In contrast 
to tetracyclines of the first generation their absorption is 
not significantly limited by food, therefore, they can be 
taken with meals even though it is more effective when 
taken 30 min previously. Among tetracyclines, minocy- 
cline seems to induce more rapid clinical improvement as 
well as greater and more persistent reduction of inflam- 
matory lesions and facial P. acnes counts, probably be- 
cause it is the most lipophilic and may become highly con- 
centrated in the pilosebaceous unit after its oral adminis- 



tration [39], Its major limitation occurs from currently 
observed significant safety problems (table 5) [40-43]. 

Erythromycin at a dosage of 1 g/day can be adminis- 
tered as an alternative regimen. It is equally effective with 
tetracycline; however, it induces higher rates of resistant 
P. acnes strains and may, therefore, be more often associ- 
ated with treatment failures [12]. Its intolerable gastroin- 
testinal side effects can be minimized by using intestine- 
soluble preparations. 

Clindamycin is very effective but has disadvantages 
for long-term therapy because of the possible induction of 
pseudomembranous colitis. Cotrimoxazole (trimetho- 
prime/ sulfamethoxazole, 160 :mg/800 mg twice daily) is 
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effective in acne, however, it is recommended to reserve 
this drug for patients who responded inadequately to oth- 
er antibiotics and for patients with gram-negative follicu- 
litis. 

Bacterial resistance is not rare after systemic adminis- 
tration of antibiotics over several months (table 5). Gas- 
trointestinal upset under tetracycline and doxycycline 
with nausea, vomiting and diarrhea and vaginal candido- 
sis under tetracycline are probably caused through 
changes in the gastrointestinal flora. Ultraviolet light sen- 
sitivity under tetracycline and doxycycline, not under 
minocycline, is frequent. Painful onycholysis has been 
occasionally observed under tetracycline treatment. Mi- 
nocycline may cause allergic skin reaction, reversible ves- 
tibular disturbances (e.g. dizziness, vertigo, ataxia) and a 
blue-grey discoloration of the skin, particularly in in- 
flamed areas, due to a reaction with free iron. Rarely, hep- 
atitis and reactions resembling serum sickness and lupus 
erythematosus have been reported in association with oral 
use of tetracyclines, particularly minocycline. The teeth 
discoloration reported in children under 10 years can 
rarely also occur in adults. Tetracyclines are also accused 
for inducing benign intracranial hypertension which is, 
however, a rare adverse event. Tetracyclines must not be 
combined with systemic retinoids because the probability 
for development of intracranial hypertension increases. 
Since tetracyclines are contraindicated in pregnancy, 
erythromycin has to be administered as an alternative 
drug. Erythromycin causes the most frequent emergence 
of resistant P. acnes strains. It is also responsible for intol- 
erable gastrointestinal side effects in many patients. Clin- 
damycin treatment of acne is almost abandoned in several 
countries because of its association with pseudomembra- 
nous colitis due to intestinal colonization with Clostrid- 
ium difficile. Metronidazole is then indicated in those 
cases. Appearance or enhancement of a vaginal candido- 
sis can be observed in females, which frequently settles 
over the intestinal region. 

Treatment with oral antibiotics should be adminis- 
tered for no less than 2 months but also generally not 
exceed 4-6 months [44]. Maximum clinical improvement 
is to be expected in the first 3-4 months; lack of improve- 
ment may indicate emergence of bacterial resistance [12]. 
Systemic antibiotics can be well combined with topical 
preparations, especially tretinoin, azelaic acid and ben- 
zoyl peroxide [45, 46]. 

Oral Isotretinoin 

Oral isotretinoin is the most effective sebosuppressive 
agent and has revolutionized the treatment of severe acne 



Table 5. Adverse events of systemic antibiotics 



Adverse event 



Compound 



Bacterial resistance 

Gastrointestinal discomfort 
Pseudomembranous colitis 
Postinflam. hyperpigmentation 
Vestibular disturbances 
Hypersensitivity reaction 
Lupus erythematosus-like 

syndrome 
Interstitial nephritis/hepatic failure/ 

systemic eosinophilia 



tetracyclines > erythromycin 
> cotrimoxazole > minocyclin 
clindamycin, tetracyclines 
clindamycin 

minocycline > tetracycline 
minocycline 

minocycline, cotrimoxazole 

minocycline 

minocycline 



[28, 47-50]. It is the only drug currently available that 
affects all four pathogenic factors of acne. Like other reti- 
noids, isotretinoin reduces comedogenesis. Moreover, it 
reduces sebaceous gland size (up to 90%) by decreasing 
proliferation of basal sebocytes, it suppresses sebum pro- 
duction in vivo and inhibits terminal sebocyte differentia- 
tion. Its stereoisomers tretinoin and alitretinoin (9-cis 
retinoic acid) were found inferior to isotretinoin in sebum 
suppression or acne treatment. Although not directly 
affecting P. acnes, its inhibitory effect on sebum produc- 
tion leads to alteration of the follicular microclimate and 
indirect fall of P. acnes counts reducing its ability to cause 
inflammation [51]. 

There is still debate as to the choice of dose. Some 
authors favor isotretinoin 0.5 mg/kg/day, others advocate 
higher dosage of 1 mg/kg/day. Although both regimens 
result to the same degree of long-term clinical improve- 
ment, relapse necessitating re-treatment occurs signifi- 
cantly more frequently under low-doses among patients 
with severe acne [52-53]. A 6-month treatment course is 
sufficient for 99% of the patients, but it has been docu- 
mented that an initial dosage of 1 mg/kg/day for 3 
months, then reduced to 0.5 and, if possible, to 0.2 mg/ 
kg/day for 3-9 additional months will optimize the thera- 
peutic outcome. As a rule, after 2-4 weeks of treatment, a 
50% reduction of the pustules can be expected. Improve- 
ment continues during the post-treatment period. Re- 
lapses may occur after a single 6-month course. A 22-30% 
relapse rate was noted in patients followed for 10 years 
after having received isotretinoin 1 mg/kg/day (or cumu- 
lative dose > 120 mg/kg), as compared to 39-82% with 
lower dose schedules [48], 

Today, a 6- to 12-month course isotretinoin 0.5-1 mg/ 
kg/day in most cases with severe acne, to reach a 
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Fig. 2. Severe acne papulopustules in a 2 1- 
year-old male patient before (left) and after a 
4-month treatment with isotretinoin 0.5 mg/ 
kg/day (right). 




Fig. 3. Acne conglobata in an 18-year-old 
male patient before (left) and after a 6- 
month treatment with isotretinoin 1 mg/kg/ 
day (cumulative dose 144 mg/kg) (right) 
[from ref. 28]. 




> 150 mg/kg total cumulative dose is recommended [28] 
(fig. 2-4). Three to 4 weeks after administration of the 
drug, an apparent flare-up may occur with increased 
development of inflammatory lesions which usually do 
not require modification of the oral dose and improve 
spontaneously. Factors contributing to the need for longer 
treatment schedules include low dose regimens (0.1- 



0.5 mg/kg/day), presence of severe acne, extra-facial in- 
volvement and prolonged history of the disease. Higher 
dosages are indicated particularly for severe involvement 
of the chest and back [54]. Individual risk factors must be 
taken into account for establishing the dosage. Indications 
for optimal use are shown in table 6. 
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Fig. 4. Acne tarda without hormonal distur- 
bances in a 44-year-old female patient before 
(left) and after a 12-month treatment with 
isotretinoin 0.5 mg/kg/day combined with 
ethinyl estradiol 35 ug/day - cyprotcrone 
acetate 2 mg/day (right). 




The clinical course of isotretinoin therapy shows more 
rapid improvement of inflammatory lesions as compared 
to comedones. Pustules are cleared earlier than papules or 
nodules, and lesions localized on the face, upper arms and 
legs tend to clear more rapidly than trunk lesions [55]. 
Non-acne patients who have received oral isotretinoin 
therapy for seborrhea do not usually experience relapse 
for months or years. However, the duration of the sebo- 
static effect seems to be dose-dependent. Taking good tol- 
erance into account, a dosage of 0. 1-0.3 mg/kg/day over 4 
weeks is sufficient to produce a sebostatic effect for at 
least 8 weeks after discontinuation of treatment. Five to 
10 mg/day may be sufficient as a maintenance sebosup- 
pressive dose over several years. 

In female patients contraception is required and has to 
be enforced by the physician, because of the strong terato- 
genicity of isotretinoin [56, 57]. Isotretinoin can be well 
combined with a contraceptive pill which includes a hor- 
monal anti-androgen [28, 57]. 

The adverse effect profile of oral isotretinoin is closely 
associated with hypervitaminosis A [28]. It includes a 
characteristic dose-dependent symptomatology with mu- 
cocutaneous side effects (table 7), elevation of serum lip- 
ids (approx. 20%), hyperostosis and extra-skeletal calcifi- 
cation (table 9). Arthralgia and myalgia may occur in up 
to 5% of individuals receiving high-dose isotretinoin. The 
major toxicity of isotretinoin results, however, from its 



Table 6. Indications for optimal use of systemic isotretinoin 



Severe acne (nodulocystica, conglobata, fulminans) 
Patients with active acne and severe acne scars or potentially 

possible induction of physical or psychological scars 
Patients with acne papulopustulosa who despite several 

conventional therapies, do not improve 
Patients with acne papulopustulosa whose acne has responded well 

to conventional oral treatment on two or three occasions but has 

relapsed quickly after interruption of oral medication 
Depressive and dysmorphobic patients 

In combination with oral contraceptive treatment in women with 

acne and signs of peripheral hyperandogenism 
Patients with excessive seborrhea 
Patients with gram-negative folliculitis 



teratogenic potential associated with high rate of sponta- 
neous abortions and life-threatening congenital malfor- 
mations. Therefore, the preparation can only be adminis- 
tered in women in combination with a secure contracep- 
tive treatment or technique. Contraception is urgently 
recommended from 1 month before therapy, during the 
entire period of treatment and up to 3 months after dis- 
continuation of the regimen. Oral isotretinoin treatment 
appears today strictly contraindicated in pregnancy, the 
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lactation period and in severe hepatic and renal dysfunc- 
tion. Hyperlipidemia, diabetes mellitus and severe osteo- 
porosis are relative contraindications. Co-medication 
with vitamin A (increased toxicity), tetracyclines (cranial 
hypertension) and high doses of aspirin (potentiation of 
mucosal damage) should be avoided. Liver and fat values 
in blood must be regularly controlled [58], 

In long-term therapy (over 1-2 years), changes in the 
bone system with hyperostosis, periostosis, demineraliza- 
tion, thinning of the bones and premature calcification of 
epiphyses in adolescents have to be taken into consider- 
ation [59]. A radiograph and growth measurements are 



Table 7. Mucocutaneous adverse events of 
isotretinoin (% values) 



Cheilitis 


75-95 


Dermatitis facialis 


30-50 


Xerosis 


30-50 


Dry mucosa 


20-50 


Conjunctivitis 


30 


Epistaxis 


25 


Itching 


25 


Epidermal atrophy 


15-25 


Skin fragility 


15-20 


Desquamation 


10-20 


Hair loss 


10-20 


Retinoid dermatitis 


5 



Table 8. Indications for optimal use of hormonal therapy in women 



Acne accompanied by mild or moderate hirsutism 

Inadequate response to other acne treatments 

Acne that began or worsened in adulthood 

Premenstrual flares of acne 

Excessive facial oilness 

Inflammatory acne limited to the 'beard area' 




reasonable tests before treatment of adolescents. Long- 
term adverse events after discontinuation of isotretinoin 
are rare. 

Anti-Androgens 

Hormonal anti-androgenic treatment can be adminis- 
tered in female patients to target the pilosebaceous unit 
and may inhibit sebum production by 12.5-65% (table 8) 
[25-27, 60, 61]. Once the decision has been made to ini- 
tiate hormonal therapy, there are various options to choose 
among androgen receptor blockers and inhibitors of andro- 
gen synthesis at the levels of the ovary or the adrenal gland. 
Hormonal anti-androgenic treatment for acne must be 
continued for a sufficient period of time, at least 1 2 months 
and frequently longer. It is absolutely contraindicated in 
women who want to become pregnant due to the risk for 
sexual organ malformation in a developing fetus. 

A most effective compound is cyproterone acetate, 
which belongs to the group of hydroxy-progresterones and 
blocks the binding of androgens to their receptors. There 
is current evidence that cyproterone acetate exhibits a 
dual activity by also inhibiting the synthesis of adrenal 
androgens because it inhibits the conversion of dehydro- 
epiandrosterone to androstenedione by 3(3-hydroxyste- 
roid dehydrogenase/A^-isomerase, which mainly occurs 
in the adrenal gland, and in the skin, in the sebaceous 
gland. Cyproterone acetate is incorporated in a marketed 
hormonal contraceptive at a dose of 2 mg in combination 
with 35 ug ethinyl estradiol to avoid menstrual cycle prob- 
lems [62-65] (fig. 5). The preparation can be used for both 
contraception and treatment of acne with or without signs 
of hyperandrogenism, even when serum androgen levels 
are normal. It has been shown to decrease serum gonado- 
tropin, testosterone and androstenedione, with control of 
seborrhea and acne after three months treatment. In 
women with abnormal androgen metabolism additional 
cyproterone acetate 10-20 mg/day, and in some cases up 
to 50 mg/day can be administered orally during the first 



Tables. Adverse events of systemic ^ Adverse event 

anti-acne drugs - i 

Isotretinoin teratogenicity, skin and mucosal dryness, irritation, 

bone changes, increase of the blood values for neutral 

lipids (cholesterol, triglycerides) 
Hormonal contraceptives edemas, thrombosis, increased appetite, weight gain, 

breast tenderness, decreased libido 
Spironolactone breast tenderness, menstrual irregularities, increased 

potassium blood levels 
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Fig. 5. Acne nodulocystica in a 20-year-old 
female patient before (left) and after a 
6-month treatment with ethinyl estradiol 
35 jig/day - cyproterone acetate 2 mg/day 
(right). 




Fig. 6. Acne tarda with increased serum 
dihydroepiandrosterone in a 31-year-old fe- 
male patient before (left) and after a 2- 
month treatment with prednisolone 5 mg/ 
day (right). 




10 days of the menstrual cycle. Alternatively, a single i.m. 
injection of 100-300 mg cyproterone acetate can be 
applied at the beginning of the cycle. 

There are other hormonal blockers of androgen recep- 
tors available, such as the gestagene chlormadinone ace- 
tate (2 mg) alone or in combination with 50 ug ethinyl 
estradiol or 50 ug mestranol in a contraceptive pill [66]. 



Most oral contraceptives contain two agents, estrogen 
(generally ethinyl estradiol) and a progestin. In their early 
formulations, oral contraceptives included high estrogen 
concentrations of over 100 ug which could directly sup- 
press sebum production; low estrogen levels used current- 
ly act in the liver to increase the synthesis of sex hormone- 
binding globulin (SHBG). Circulating free testosterone 
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levels are reduced by the increased SHBG levels, leading 
to a decrease in sebum production. Oral contraceptives 
inhibit the ovarian production of androgens by suppress- 
ing ovulation. This, in turn, decreases serum androgen 
levels and reduces sebum production. On the other hand, 
the progestins administered belong to the families of 
estranes and gonanes with a variety of drugs in each class. 
Some progestins can cross react with the androgen recep- 
tor or, like the progestins norgestrel and levonorgestrel, 
reduce SHBG increasing free testosterone, thus leading to 
increased androgenic effects and aggravating acne, hir- 
sutism, or androgenic alopecia [67, 68]. They can also 
cause changes in lipid metabolism and can increase serum 
glucose, leading to glucose intolerance, as well as possibly 
interfering with the beneficial effect of estrogen on the 
SHBG. Hormonal contraceptives are associated with ede- 
ma, thrombosis, increased appetite, weight gain, breast 
tenderness and decreased libido [61]. 

Spironolactone, a synthetic steroid primarily acting as 
aldosterone antagonist, also blocks the androgen receptor 
exhibiting sufficient sebosuppression at doses 50-200 mg/ 
day, a 2 x 25 mg regimen daily or at 4-22 days of cycle 
being the mostly used in anti-acne therapy. It may induce, 
however, cycle disturbances which can be corrected by 
non-androgenic progestins [69]. Spironolactone may in- 
duce dose-dependent breast tenderness, menstrual irregu- 
larities and increased potassium blood levels [70]. 

Flutamide, a synthetic compound which has mainly 
been administered to hirsute females, has been also shown 
to be active in acne after 1-6 months of treatment at doses 
of 250-500 mg/day (optimum 2 x 250 mg/day over 6 
months) [63]. The agent becomes active through first-pass 
metabolism to 2-hydroxyflutamide. It inhibits binding of 
5a-dihydrotestosterone to its receptor protein and nuclear 
translocation of the receptor. Also, it may accelerate con- 
version of active androgens to inactive metabolites. He- 
patic function laboratory tests should be done periodically 
[71]. 

Among nonhormonal anti-androgens, ketoconazole 
(cytochrome P-450 inhibitor and steroidogenesis enzyme 
blocker) in a dose of >200 mg/day and cimetidine (Hr 
receptor antagonist) 5 x 300 mg/day exhibit weak anti- 
androgenic activity [70]. 

Gonadrotropin-releasing agonists, such as buserelin, 
nafarelin or leuprolide, have been used to interrupt andro- 
gen production by the adrenals and ovaries by blocking 
FSH and LH liberation by the pituitary gland. These 
drugs are efficacious in acne and hirsutism, and are avail- 
able as injectable drugs or nasal spray [25, 67]. However, 
in addition to suppressing the production of ovarian 
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androgens, they also suppress the production of estrogens, 
thereby eliminating the function of the ovary. Thus, the 
patient could develop menopausal symptoms and suffer 
from hypoestrogenism. They have variable acceptance 
due to the development of headaches as well as the occur- 
rence of bone loss, due to the reduction in estrogen. They 
have not been registered for the treatment of acne. 

Severe Inflammatory Acne and Acne fulminans 
Systemic corticosteroids can become necessary in acne 
fulminans to suppress the excessive immunological reac- 
tion [54], in severe inflammatory forms of acne, and in 
order to prevent or treat a severe flare of the disease in the 
first 4 weeks of isotretinoin treatment. It is preferable to 
administer the corticosteroids for 3-4 weeks before ad- 
ministration of isotretinoin [72] but a combination of iso- 
tretinoin 0.5-1 mg/kg body weight/d and prednisolone 
30 mg/day for 4-6 weeks (or other doses) with gradual 
reduction can also accelerate the conversion of fulminate 
disease course to common inflammatory acne [54, 73]. 

In contrast, oral non-steroidal anti-inflammatory 
agents have rarely been administered in the treatment of 
severe inflammatory acne forms. 

Acne tarda 

Systemic corticosteroids inhibit adrenal androgen lib- 
eration and, therefore, they are indicated in acne patients 
with adrenal hyperandrogenism and increased dihydro- 
piandrosterone levels, such as female patients with acne 
tarda [74]. This variant of acne tarda is characterized by 
inflammatory lesions, since increased dihydroepiandros- 
terone induces inflammation [75]. They are used at low 
prednisone, prednisolone (2.5-7.5 mg/day prednisolone) 
or dexamethasone doses [20] (fig. 6). 



New Developments and Future Trends 

After decades of stagnation, research on systemic acne 
treatment has expanded markedly in the last several 
years. The results of numerous studies have greatly in- 
creased our understanding of both the pathophysiology of 
the disease and the mechanisms of action for current ther- 
apies. New developments occurred including the low-dose 
long-term isotretinoin regimen, new isotretinoin formula- 
tions, understanding of isotretinoin's anti-sebotropic ac- 
tion, new antibiotics, and combination treatments to 
reduce toxicity and bacterial resistance, and new oral con- 
traceptives. Future trends represent new anti-inflamma- 
tory agents, such as 5-lipoxygenase inhibitors, insulin-sen- 
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sitizing agents, 5a-reductase type 1 inhibitors, and anti- 
sense molecules. 

Low-Dose Isotretinoin 

Low-dose isotretinoin (0.1-0.3 mg/ml/day daily or in- 
termittent use) can effectively control acne, also being 
cost-effective. Nevertheless, the daily dose is too low for 
the cumulative dose obtained to be definitively curative. 
Although studies have been centered on the use of low 
doses only in older patients with exceptionally oily skin or 
in patients with long duration acne [76-80], there is a 
trend by practicing dermatologists to use low-dose isotre- 
tinoin in adolescent acne with a tendency to become 
inflammatory or in moderate acne as replacement of sys- 
temic antibiotics. The suggested rationale of such use is 
the effective control of inflammation with the final objec- 
tive of preventing inflammation and the resulting scars. 
The approach taken is that of control and not of absolute 
resolution, since this resolution will occur in the majority 
of patients naturally. The simultaneous use of an effective 
topical therapy is mandatory. Since a large percentage of 
patients to be treated with mini-doses are women, they 
should be made to understand that the teratogenesis risk 
is the same as with the complete dose. Adverse events 
with these low doses are almost absent. 

New Isotretinoin Formulations 

A recent study by Strauss et al. [81] using a micronized 
isotretinoin formulation with higher bioavailability ex- 
hibited similar efficacy results of a single daily 0.4 mg/kg 
dose of micronized isotretinoin and 1.0 mg/kg standard 
isotretinoin administered in two divided doses after 20 
weeks of treatment. Micronized isotretinoin presented a 
safety profile similar to that of standard isotretinoin with 
a lower risk of mucocutaneous adverse events and hyper- 
triglyceridemia [82]. 

Understanding the Unique Activity of Isotretinoin 
The high anti-sebotropic activity of isotretinoin is par- 
ticularly surprising because of the fact that it has low bind- 
ing affinities for both cellular retinoic acid-binding pro- 
teins I and II as well as for nuclear retinoic acid receptors 
[83, 84]. Because retinoids are thought to exert most of 
their effects by modulating gene expression and/or acti- 
vating nuclear retinoid receptors, it has been suggested 
that isotretinoin may act as a pro-drug that becomes 
active after isomerization to tretinoin acid or conversion 
to alitretinoin [84]. Indeed, current results reported by 
Tsukada et al. [85] have shown that isotretinoin under- 
goes significant isomerization to tretinoin in cultured 



sebocytes, an effect being specific for these cells. In addi- 
tion, administration of isotretinoin to sebocytes only led 
to a delayed induction of the cytochrome P450 isoen- 
zymes responsible for tretinoin inactivation. Isotretinoin 
effects were found to be dependent on the extra-cellular 
albumin concentration [86]. Oh the other hand, tretinoin 
acted via retinoic acid receptors (RAR) to exert its anti- 
proliferative effect on sebocytes. Therefore, the molecular 
basis for this anti-sebotrophic activity is probably a 
selective intracellular isomerization of isotretinoin to tre- 
tinoin in human sebocytes, with isotretinoin representing 
a pro-drug for tretinoin in this specific tissue. Newer data 
indicate that isotretinoin metabolites, such as 4-oxo-iso- 
tretinoin, may also represent compounds exhibiting direct 
anti-acne activity. 

In addition to the better understanding of isotretinoin 
activity, new possible adverse events have emerged. The 
proposed relationship between the compound and depres- 
sion as well as suicide was reviewed not to be based on a 
putative molecular mechanism of the compound indicat- 
ing that there is no evidence to support a casual connec- 
tion [87]. On the other hand, 38 different signs and symp- 
toms of ocular abnormalities were reported as 'certain' to 
have resulted from the use of isotretinoin, among them 
decreased dark adaptation may jeopardize adolescents 
under the drug who drive in the night [88]. 

New Antibiotics 

Limecycline is a second-generation tetracycline linked 
to the amino acid lysine, with an efficacy similar to that of 
doxycycline and minocycline [89]. It is used at a 300 mg 
initial dose that is lowered to 150 mg after 2 weeks. It 
exhibits excellent tolerance with scarce risk of hyperpig- 
mentation, vestibular disorders and photosensitivity, and 
can be administered together with food. 

Roxithromycin, a macrolide antibiotic, is adminis- 
tered in a dose of 1 50 mg twice daily in the treatment of 
inflammatory acne. It accumulates at therapeutic levels in 
the pilosebaceous system [90] and exhibits an interesting 
spectrum of effects, namely direct anti-inflammatory and 
anti-androgenic activities. It significantly inhibits the pro- 
duction of lipase and neutrophil chemotactic factor by P . 
acnes as well as of P. acnes-induced NF-kB activation at 
concentrations much lower than the MIC at which the 
growth curve of P. acnes is not affected [34, 91]. In addi- 
tion, roxithromycin was found to serve as anti-androgen 
only in the hypersensitive state to androgens, but not in 
the physiological state through modulating end-organ hy- 
persensitive condition to androgens [92]. 
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Azithromycin, another macrolide antibiotic, was 
found as effective as doxycycline (100 mg/day) adminis- 
tered in a dose of 500 mg once a day for 4 days per month 
for a total of 1 2 weeks on a pure protocol basis and statisti- 
cally significantly better than doxycycline by intention to 
treat analysis [93]. 

In an open study, levofloxacin was found effective for 
inflammatory acne and achieved high levels in the lesions 
[94]. 

Combination Treatments 

Combinations of a topical retinoid (adapalene, treti- 
noin) or azelaic acid with oral antibacterial agents are rec- 
ommended to induce maximum anti-inflammatory effect 
in mild to moderate inflammatory acne [45, 46, 93, 95], 
Such combinations can lead to a rapid dose reduction and 
quicker discontinuation of oral antibiotics increasing the 
effectiveness, improving the compliance, and reducing 
the development of bacterial resistance to antibiotics. 

New Oral Contraceptives 

When oral contraceptives are administered in the 
treatment of acne, it is possible that some women are 
more sensitive to the androgenic effects of a progestin, but 
it is more likely that the effect of progestin may be offset 
by the estrogen. Although some progestins might be more 
androgenic than others, all oral contraceptives, regardless 
of the type of progestin each contains, increase SHBG and 
inhibit serum androgen levels. This is also possible with 
the marketed combination of ethinyl estradiol (20 ug) and 
levonorgestrel (100 ug; one of the older and most andro- 
genic progestins) found to produce a significant decrease 
in comedones, as well as in papules and pustules [66, 96, 
97]. 

The concentrations of estrogen in oral contraceptives 
have decreased over the years from 150 to 35 ug, and in 
the most recent forms to 20 p,g, in order to reduce the side 
effects of estrogen. On the other hand, many progestins 
have been developed over the years and the third-genera- 
tion progestins, including desogestrel, drospirenone, ges- 
todene, and norgestimate, are more selective for the pro- 
gesterone receptor rather than the androgen receptor. The 
combinations of ethinyl estradiol (30-40 mg) and deso- 
gestrel (25-125 ug) [65, 98], ethinyl estradiol (20-35 ug) 
and norethindrone acetate (1 g) [99], ethinyl estradiol 
(30 mg) and drospirenone (3 mg) [64], and ethinyl estra- 
diol and norgestimate (180-250 >ig) [100, 101] have been 
marketed as contraceptive pills; among them those in- 
cluding norethindrone acetate and norgestimate have 
been approved for acne [27]. 




New Anti-Inflammatory Agents 

It is widely accepted that inflammation in acne vulgar- 
is may be mainly induced by an immunologic reaction to 
extracellular products of P. acnes [102]. However, it is by 
no means clear that either bacteria or their products ini- 
tiate follicular inflammation. Ingham et al. [103] investi- 
gated the presence of pro-inflammatory cytokines in open 
acne comedones from untreated acne patients and found 
bioactive interleukin(IL)- la-like material. The majority 
of open comedones also contained micro-organisms, but 
there was no significant correlation between levels of any 
cytokine, in particular IL-la, and numbers of micro- 
organisms. 

Additional results have shown that the sebaceous gland 
expresses a number of different cytokines at steady state, 
without the influence of any external factors. Antilla et al. 
[104] showed that IL-1 is present in normal sebaceous 
glands and Boehm et al. [105] used in situ hybridization 
techniques to show that messenger RNA (mRNA) for IL- 
la, IL-1 P and tumor necrosis factor-a is present at multi- 
ple sites in normal skin including the sebaceous glands. 
Thus, while the presence of bacteria, most notably P 
acnes, may stimulate upregulation of cytokine expression 
in sebaceous glands [106], pro-inflammatory cytokines 
are expressed in these tissues in the absence of defined 
external influences. 

Guy et al. [107] assessed the action of IL-la in the 
microdissected human pilosebaceous infundibulum prep- 
arations in vitro and found an I L- la-specific induction of 
hypercornification of the infundibulum similar to that 
seen in comedones. Follicular keratinocytes and sebocytes 
in vitro were also found to produce pro-inflammatory 
cytokines and chemokines [108]. Currently, inflamma- 
tion has been suggested to occur due to enhancement of 
IL-8 production in human monocytes and sebocytes 
through a mechanism requiring transcription factor NF- 
kB activation [34, 108] and involvement of Toll-like 
receptor 2 [109, 1 10]. These results provide logical sup- 
port for the use of anti-inflammatory regimens in the 
treatment of acne [13]. 

The use of an ti- inflammatory drugs for the treatment 
of acne is further supported by recent results indicating a 
key role for leukotriene B 4 (LTB4) in the development of 
tissue inflammation [111]. LTB4 is a pro-inflammatory 
mediator synthesized from arachidonic acid. Synthesis of 
LTB4 is catalyzed by 5-lipoxygenase and leukotriene A 4 
hydrolase and is increased by inflammatory mediators 
including endotoxin, complement fragments, tumor ne- 
crosis factor-a and interleukins. LTB4 induces recruit- 
ment and activation of neutrophils, monocytes and eosin- 
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Fiq 7 The cascade of eicosanoid synthesis in the skin, as inflammatory signaling pathway possibly involved in the 
development of acne lesions. IWP = Interleukin-iP; TNF-a = tumor necrosis factor-a; LTB4 = leukotnene B4; 
1 5-HETE = 1 5-hydroxyeicosatetraenoic acid; PPAR = peroxisome proliferator-activated receptor [from ret. 24]. 



ophils. It also stimulates the production of a number of 
pro-inflammatory cytokines and mediators that augment 
and prolong tissue inflammation (fig. 7). Limited data 
from pharmacological inhibition studies support a role for 
LTB4 in the pathogenesis of neutrophil-mediated tissue 
damage. 

The potential importance of this inflammatory path- 
way for acne treatment was evaluated in a small cohort of 
patients [1 12]. A 3-month study of the effectiveness of a 
specific lipoxygenase inhibitor was performed by sys- 
temic administration in 10 patients with inflammatory 
acne. Clinical evaluation of these patients indicated an 
approximately 60% decrease in the acne severity index 
within 3 weeks of the initiation of treatment and a 70% 
reduction in inflammatory lesions at 3 months. Addition- 
al evaluation indicated an approximately 65% reduction 
in total sebum lipids as well as a substantial decrease in 
lipoperoxides. Free fatty acids were also decreased by 
almost 80%. Bivariate analysis indicated that the decrease 
in total sebum lipids, and especially in pro-inflammatory 
lipids, was directly correlated with the improvement in 



inflammatory lesions. Thus, the results of this small-scale 
clinical trial and associated laboratory analysis strongly 
support the conclusion that appropriate anti-inflammato- 
ry therapy has the potential to effectively treat acne. 
These results also support the view that sebum lipids 
induce inflammation in acne, independent of the pres- 
ence of bacteria or increased systemic levels of pro- 
inflammatory molecules. 

Eleven years ago, Wozel et al. [ 1 1 3] assessed the ability 
of isotretinoin as well as a number of other agents to 
inhibit transdermal migration of polymorphonuclear leu- 
kocytes stimulated by LTB4. Topical treatment with iso- 
tretinoin resulted in a marked and statistically significant 
inhibition of the LTB4-induced migration of polymor- 
phonuclear leukocytes. Retinoids are nowadays consid- 
ered to regulate inflammation [114, 115] probably also 
using the Toll-like receptor 2 pathway [116]. 

Insulin-Sensitizing Agents 

Since insulin has a direct effect on ovarian androgen 
production in vitro, insulin resistance may play a crucial 
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role in the physiopathology of peripheral hyperandro- 
genism, including acne [117]. Insulin-sensitizing agents 
have recently been investigated for their role in the short 
term treatment of insulin resistance in polycystic ovary 
syndrome. Controlled studies have shown that metformin 
administration, by promoting body weight loss, can de- 
crease fasting and stimulated plasma insulin levels. How- 
ever, other studies have shown metformin 500 mg 3 x 
daily to decrease insulin secretion and to reduce ovarian 
production of 17a-hydroxyprogesterone with recovery of 
spontaneous or clomifene-induced ovulation, indepen- 
dently of weight loss. These findings suggest a new indica- 
tion for metformin and present insulin-sensitizing agents 
as a novel approach in the treatment of ovarian hyperan- 
drogenism. 

Peroxisomes play an important role in regulating cellu- 
lar proliferation and differentiation as well as in the mod- 
ulation of inflammatory mediators. In addition, peroxi- 
somes have broad effects on the metabolism of lipids, hor- 
mones, and xenobiotics [1 18]. On the other hand, activa- 
tion of peroxisome proliferator-activated receptor 
(PPAR)-y and -a by their respective specific ligands, thia- 
zolidinedione and clofibrates, was found to induce lipid 
droplet formation in rat preputial gland cells (resembling 
sebocytes) but not epidermal cells in vitro [119]. PPAR-y 1 
mRNA was also demonstrated in rat preputial gland cells 
but not in epidermal cells. These findings are compatible 
with the concepts that PPAR-y 1 gene expression plays a 
unique role in the differentiation of sebocyte-like cells. 
These findings have implications for the development of 
new modalities of treatment for acne vulgaris and explain 
why lipoxygenase inhibitors inhibit lipid synthesis [112]: 
The lipoxygenase products LTB4 and 1 5-HETE are natu- 
ral ligands of PPAR-a and PPAR-y, respectively. 

5a-Reductase Type J Inhibitors 

The inhibitors of 5a-reductase isoenzymes (1 and 2) 
can be schematically divided in three groups according 
they substrate specificity: Pure or preferential inhibitors 
of 5<x-reductase 1, pure or preferential inhibitors of 5a- 
reductase 2, and dual inhibitors [26, 1 20]. Despite the fact 
that several steroidal and non-steroidal inhibitors have 
been synthesized and experimented in pharmacological 
models, only finasteride has been extensively used for 
clinical purposes, namely benign prostate hyperplasia and 
male baldness with positive results. In women, finasteride 
has been used in some control trials for treatment of hirsu- 
tism with an objective favorable response. On the basis of 
experimental observations on distribution of 1 and 2 iso- 
enzymes in human skin, scalp and prostate, the pure 5a- 



reductase 1 inhibitors seem the ideal drugs for treatment 
of acne and hirsutism [121-123] and have been intro- 
duced in clinical studies [27]. 

Antisense Molecules 

The androgen receptor is involved in the development 
of acne and its expression can classically be regulated by 
androgen receptor blockers. A more elegant way is the 
transient transfection of skin cells with antisense oligonu- 
cleotides against the androgen receptor [124]. The devel- 
opment of thioat- and ribosyl-antisense oligonucleotides 
against the androgen receptor led with high specificity in a 
transient diminished protein expression of the receptor 
and to a strong inhibition of the biological activity of 
androgens in human sebocytes and keratinocytes in vitro. 
Such experiments are only in an initial phase. The future 
clinical use of such highly specific compounds is depen- 
dent on several factors, among them being the effective 
administration pathway and the kind of transfection sys- 
tems to be applied. 



Conclusion 

Despite the interest on the development of topical 
treatments for acne in the last decades [30], systemic 
treatment is still a milestone, especially in the treatment 
of moderate-to-severe scarring types of the disease. The 
establishment of new systemic drugs for acne is based on 
the consideration of successes and pitfalls of the past and 
the emerging knowledge of the future [125], Among all 
pathogenetic factors of acne, inflammation seems to be 
rediscovered [13] and anti-inflammatory concepts seem 
to become the new trend of systemic and topical acne 
treatment. 
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